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The reaction of dimesityl telluride (2) with bis(pentafluoro-
phenyl) diselenide (1), Br2 and AgSbF6 provides small
amounts of crystalline [Mes2TeSeC6F5][SbF6] (3). The main
products, however, are [Mes2TeTeMes][SbF6] (4) and Mes-
SeC6F5 (5). Reactions of 2 with Br2 and AgSbF6 provide −
depending on the stoichiometric ratio − 4 and [Mes3Te][SbF6]
(6) or [Mes2TeBr][SbF6] (7). 2, Mes2Te2, Br2 and AgSbF6 pro-

Introduction

In the course of the Xerox process, undesired residual
charges can persist after exposure of amorphous Se/Te al-
loys to light. These residual charges may be due to charge
separation by formation of chalcogenonium cations (with
3 covalent bonds) and chalcogenolate anions (with only 1
covalent bond) in the solid sate, as depicted schematically
in Scheme 1 for tellurium chains.[1]

Such polar defects in Se/Te alloys should be metastable
with respect to thermal reactions (i.e. collapsing of the ion
pairs) leading to ‘‘classical’’ chalcogen chains involving only
di-coordinated selenium and tellurium. We propose an al-
ternative, namely that persistent ‘‘-onium’’ and ‘‘-ate’’ func-
tionalities might interact with each other in a nonclassical
way (Scheme 2), leading to structural moieties related to
Böttcher’s hypervalent polytellurides.[224] As organic model
compounds for such interactions and as novel ‘‘isomers’’ of
the stable diaryl tellurides that might mimic unusual
soft2soft interactions, telluronium tellurolates Ph3Te1

TeR2 were studied with respect to their existence, structure
and mode of decomposition.[5] These compounds exist in
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vide 4 in a fair yield. Addition of 2 to 4 leads to the tritellur-
ium salt [Mes5Te3][SbF6] (8). Cation−anion interactions due
to the α-heteroatom electrophilicity of RSe-, RTe- and Br-sub-
stituted telluronium salts are followed by structure deter-
minations of 3, 4, 6, 7 and 8 and by Raman-spectroscopic
observations of the Te−Te vibrations in compounds 4 and 8.

the solid state as dimers of ion pairs exhibiting weak
cation2anion tellurium2tellurium interactions. At room
temperature, the orange-red solids decompose into the
more stable diaryl tellurides, accompanied by small
amounts of the related ditellurides and biphenyl [Equa-
tion (1)]. Telluronium selenolates are slightly more stable
than the tellurolates, but they exhibit similar structures and
decomposition pathways.

(1)

Intuitively, and from comparison with homonuclear
cation2anion interactions by (nRσ*) overlap in iodophos-
phonium ions,[6] we expect that the cation2anion interac-
tions and the colour of [Ph3TeER]2 (E 5 Se, Te) would be
determined by n(E) R σ*(C2Te) interactions. These would
also explain the VSEPR-consistent coordination geometries
of the Te and Se atoms of the dimers of ion pairs.[5] The
coordination geometries of pyramidal (3-Te-8) and hyper-
valent square-pyramidal (5-Te-12) tellurium atoms allow
the application of extended (nRσ*) interactions (4 ortho-
gonal 3-center-4-electron systems), involving p orbitals of
the anions as donor functions and σ* (C2Te) energy levels
as acceptors, as a qualitative bonding model. These
cation2anion interactions, however, are much weaker than
Te2Te contacts within ‘‘nonclassical’’ polytellurides[224,7]

and polytellurium dications.[8]

Calculations on [R3TeER]n (R 5 H, Me; n 5 1, 2) on
the basis of the experimental Te⋅⋅⋅Te and Te⋅⋅⋅Se distances,
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Scheme 1. The valence-alternation model (2C2
0 R C3

1 1 C1
2) for localised gap states in lone-pair semiconductors applied to tellurium

(Kastner2Adler2Fritzsche model)[1]

Scheme 2. ‘‘Classic’’ (8-Te-3 and 8-Te-1) (left) and ‘‘hypervalent’’ (8-Te-3 and 10-Te-3) (right) version of the Kastner2Adler2Fritzsche
model

however, do not indicate a positive contribution of Te2Te
and Te2Se orbital overlap to the overall energy.[9] The poor
acceptor properties of R3Te1 towards RTe2 and RSe2 re-
flect the relative strength (a kind of ‘‘trans effect’’) of Te2C
bonds, which do not offer low-lying σ* levels to facilitate
the attack of donating nucleophiles.[10] Atoms that are more
weakly bonded to the telluronium centre, however, would
encourage the attack of donating nucleophiles, as shown
by the increased electrophilicity of hypothetical TeI3

1and
MeTeI2

1 cations relative to R3Te1 cations in Me3Te1

MeTeI4
2 [11] and (Ph3Te1)2 TeI6

22.[12] For this reason, we
decided to synthesise telluronium ions containing one
‘‘soft’’ chalcogen atom adjacent to the formally positively
charged tellurium atom of the cation. As an electron-with-
drawing substituent we chose the pentafluorophenylseleno
group. As further substituents, mesityl groups were selected
to enhance crystallisation. An initial experiment ex-
plored whether bis(pentafluorophenyl) diselenide (1) would
add oxidatively to dimesityl telluride (2) yielding an, as yet
unknown, compound of the type R2Te(SeR9)2 (formally re-
garded as an adduct of a [R2TeSeR9]1 cation with a RSe2

anion). 77Se- and 125Te-NMR spectra of the reaction mix-
ture, however, did not provide evidence for the presence of
the compound Mes2Te(SeC6F5)2.[13] To elucidate whether
the failure of the desired oxidative addition of 1 to the
diaryl telluride 2 was really due to thermal instability of
Mes2Te(SeC6F5)2 (and not to kinetic factors), we then at-
tempted to generate an [R2TeSeR9]1 cation by an independ-
ent route.

Reactions

Triorganylperoxonium ions [R2OOR]1,[13] -disulfonium
ions [R2SSR]1,[14,15] related organoselenium cations such as
[(MeSe)2SeMe]1 [15] and [Ph2Se6]21 [16] and oxytelluronium
cations [R2TeOTeR2]21,[17,18] are well-known species; cor-
responding selenotelluronium salts [R2TeSeR9]1 X2, how-
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ever, have not yet been reported in the literature,[5,12] Such
compounds will undergo reductive elimination when the
counterion X2 is a good nucleophile towards the R9Se1

group. Salts of the type [RR9TeTeR9]1 X2 have been pro-
posed as reactive intermediates when dialkyl ditellurides
were activated by alkyl halides for one-pot reactions with
carbon nucleophiles.[19] Oxidation of molecules that contain
two R2Te functions in the presence of poorly nucleophilic
counteranions has led to a number of cyclic dications with
[R2Te2TeR2]21 moieties;[20] in the presence of two R2Se
donor functions, hypervalent species with dicationic
[RR9Se2TeR9922SeRR9]21 functions have been gener-
ated.[20]

For the generation of (Mes2TeSeC6F5)1 SbF6
2 (3) we

chose the oxidation of bis(pentafluorophenyl) diselenide (1)
in the presence of dimesityl telluride (2), and SbF6

2 as a
poorly nucleophilic counteranion. On addition of few drops
of the Ag[SbF6] solution in CH2Cl2 to the mixture of 1, 2,
and Br2, the solution became deep red; precipitation of
AgBr occurred only after addition of the complete amount
of Ag[SbF6]. Crystallisation by diffusion of hexane first
provided very dark crystals of a novel compound 4, which
did not contain selenium. Spectroscopic and analytical data
and a crystal-structure determination confirmed that 4 is
unexpectedly a dimesityl(mesityltelluro)telluronium salt
[Mes2TeTeMes][SbF6].[21] At a later stage of the crystallis-
ation procedure, a small amount of the originally desired
orange-brown selenotelluronium salt 3 and further crystals
of black 4 were isolated. An NMR investigation of the re-
maining oil revealed the presence of mesityl pentafluoro-
phenyl selenide (5) [δ77Se 5 1 370, 3J(77Se, 19F) 5 ±
11 Hz]. Unexpected products 4 and 5 indicated cleavage of
the Te2C bonds (loss of a mesityl group of 2) and forma-
tion of a new Se2C bond by attachment of a mesityl group
to selenium providing 5 [Equation (2)]. To gain more insight
into the loss of a mesityl group from 2, we treated 2 with
1/2 Br2 and Ag[SbF6] only. This reaction also provided crys-
tals of compound 4; however, these black crystals were ac-
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companied by a small amount of greenish crystals of [Mes3-
Te][SbF6] (6) [Equation (3)]. This ‘‘aryl scrambling’’ could
be associated with a disproportionation by aryl transfer be-
tween two R2Te1 cations or within an [R2Te2TeR2]21 di-
cation, with an aryl cation transfer from R2Te21 to R2Te
providing R3Te1 and RTe1, the latter being trapped by co-
ordination with R2Te. A somewhat related formal tellurium
analogue to the pinacol2pinacolone rearrangement had
previously been discussed when the rearrangement of
Wöhler’s ‘‘α-base R2Te(OH)2’’ into the ‘‘β-base’’[22] was re-
cognised as an alkyl transfer between tellurium atoms.

(2)

The observed partial decomposition of 2 upon oxidation
with Br2/AgSbF6 into 4 and 6 would correspond to a dis-
mutation 2 R2Te R R3Te1 1 RTe2,[6] if the cation of 4
were formally regarded as an adduct of the tellurolate anion
MesTe2 with the dication Mes2Te21. Carrying out the bro-
mination of 2 with one equivalent of Br2 (Mes2Te/Br2, 1:1)
and adding one equivalent of AgSbF6 allowed the isolation
of the bromotelluronium salt [Mes2TeBr][SbF6] (7) as yel-
low crystals [Equation (4)]. In the absence of the diselenide
1, mesityl group transfer between 7 or the intermediate di-
cation [Mes2Te]21 and 2, provided Mes3Te1 (the cation of
compound 6), whereas coordination of the remaining
MesTe1 moiety with 2 then led to stable 4 [Equation (5)].
In the presence of diselenide 1, mesityl group transfer to
the arylseleno group provided 5, the remaining MesTe1

moiety was again coordinated by 2 furnishing stable 4. The
latter type of reaction can indeed be verified using Mes2Te2,
Br2, AgSbF6 and 2: this synthesis is an excellent large-scale
preparation of compound 4 [Equation (5)].[21] The isolation
of compound 4 was favoured by its extremely low solubility;
no solution-NMR data of 4 could be obtained.

However, on addition of one further equivalent of 2 to
suspended 4, the black precipitate dissolved and provided
the soluble novel [bis(dimesityltelluronio)mesityl tellurol-
ate(II)] hexafluoroantimonate, Mes5Te3SbF6 (8). The cation
of 4 was obviously still coordinatively unsaturated and by
adding one more equivalent of 2 ‘‘saturated’’ 8 was ob-
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tained, which contains a hypervalent central tellurium atom
[Equation (6)]. This addition of 2 to 4 forming 8 is closely
related to the well-known addition of I2 to I2 to give I3

2,
which contains a hypervalent central iodine atom. Related
homonuclear trichalcogen moieties with linearly coordin-
ated central hypervalent sulfur or selenium atoms have been
known since the detection of trithiapentalenes,[23] the tris-
(selenocyanate) monoanion and related species.[24] A related
tetracationic system with approximately linear Se2Se⋅⋅⋅Se
arrangements is formed by the interaction of one
molecule of 1,2-bis(3-methyl-2-selenoxo-4-imidazolinyl)-
ethane (‘‘ebis’’) with two [(ebis)2]21 dications.[25] An
organotellurium anion with an approximately linear triiod-
ide-like Te3 moiety related to 8[21] was detected only re-
cently.[26]

Spectroscopic and Structural Studies

Comparison of Selenotelluronium Salt 3 and
Tellurotelluronium Salt 4

The description of the ditelluronium cation in 4 as a mes-
itylenetellurenyl cation MesTe1, stabilised by the coordinat-
ing Lewis base 2, is supported by the nature and extent of
the various intermolecular interactions of the cations of 4
and of the closely related compound 3 with their SbF6

2

counteranions in the solid state. In solid 4 two cations and
two anions form cyclic molecular dimers through secondary
Te⋅⋅⋅F interactions,[21] in solid 3 similar sequences of Te⋅⋅⋅F
and Se⋅⋅⋅F interactions lead to polymeric chains of cations
and anions (Figure 124).

Figure 1. Molecular structure of 3 (cation2anion contacts neg-
lected); selected distances [pm] and angles [°]: Te2C(10) 211.5(3),
Te2C(1) 213.3(4), Se2C(19) 190.1(4), Te2Se 257.55(5), Sb2F(6)
189.1(2), Sb2F(7) 187.9(2), Sb2F(11) 185.8(2); C(10)2Te2C(1)
101.80(13), C(10)2Te2Se 96.10(9), C(19)2Se2Te 101.30(11)
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Figure 2. Cation2anion interactions in solid 3; selected distances
[pm] and angles [°]: Te2F(6) 296.2(2), Se2F(7)#1 301.1(2);
C(10)2Te2F(6) 173.84(10), C(1)2Te2F(6) 81.28(10),
Se2Te2F(6) 77.76(5), C(19)2Se2F(7)#1 84.25(12)

Figure 3. Molecular structure of 4 (cation2anion contacts neg-
lected); selected distances [pm] and angles [°]: Te(1)2C(1) 214.1(4),
Te(1)2C(10) 212.7(4), Te(2)2C(19) 213.1(5), Te(1)2Te(2)
276.45(5), Sb2F(1) 187.2(3), Sb2F(2) 186.7, Sb2F(5) 183.9(3);
C(1)2Te(1)2Te(2) 112.76(12), C(10)2Te(1)2Te(2) 95.34(11),
C(19)2Te(2)2Te(1) 86.18(12)

The coordination geometry of all chalcogen atoms in 3
and 4 can be described as pseudo-trigonal-bipyramidal,
when secondary Te⋅⋅⋅F and Se⋅⋅⋅F contacts are taken into
consideration. When Te1 is considered as the central atom
(one lone pair of electrons, 10-Te-4[27]), the neighbouring F
atom adopts an apical position (C102Te2F6 in 3: 173.8°,
C102Te12F1 in 4: 175.6°), and the neighbouring ‘‘two-co-
ordinated’’ chalcogen atom is equatorial. Regarding the Se
atom in 3, the gradual transition from two-coordination to-
wards a ‘‘T-type’’ surrounding (10-Se-3[27]) can be recog-
nised from the nearly linear arrangement Te2Se⋅⋅⋅F
(Te2Se2F7A 173.8°, Te2Se2C19 101.3°, C192Se2F7A
84.2°). For the ‘‘two-coordinated’’ Te atom in 4 the geomet-
ric features of a typical ‘‘T-type’’ structure (Te12Te22F2
168.3°, Te12Te22C19 86.2°, C192Te22F2 83°) are fully
expressed. The typical T-type geometry is associated with a
short contact between the ‘‘two-coordinated’’ Te atom and
a fluorine atom of the counterion. This Te⋅⋅⋅F contact of
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Figure 4. Intermolecular interactions within dimers of 4; selected
distances [pm] and angles [°]: Te(1)2F(1) 308.9(3), Te(2)2F(2A)
276.8(3); C(10)2Te(1)2F(1) 175.65(12), Te(2)2Te(1)2F(1)
88.94(6), Te(1)2Te(2)2F(2A) 168.27(9), C(19)2Te(2)2F(2A)
83.01(14)

the Te atom in the α-position to the telluronium centre of 4
(Te2⋅⋅⋅F2A 276.8 pm) is significantly shorter than the Te⋅⋅⋅F
contact from the telluronium centre that bears the formal
11 charge (Te12F1 308.9 pm) and is also shorter than the
Se⋅⋅⋅F contact in 3 (3: Se⋅⋅⋅F7A 301.1 pm). The latter con-
tact is longer (weaker) than the Te⋅⋅⋅F contact involving the
telluronium centre, which is the predominant type of
cation2anion interaction (Te⋅⋅⋅F6 296.2 pm) of the selenot-
elluronium salt; i.e. 3 is ‘‘the normal case’’ whereas 4 ex-
hibits the unusual short Te⋅⋅⋅F contact involving the form-
ally uncharged tellurium atom. This rather strong FRTe
donor2acceptor interaction also coincides with a slight
lengthening of the Te2Te bond in 4 (Mes2Te2: d 5 270
pm;[28] 4: d 5 276.45 pm) and with a bathochromic shift
of the Te2Te vibration mode in the Raman spectrum of 4
(143 cm21) compared with uncharged Me2Te2 [ν̃(Te2Te) 5
181 cm21] (Scheme 3).[29]

Scheme 3. Cation2anion interactions in 3 and 4

Weakening of Te⋅⋅⋅Te bonds is to be expected when the
FRTe donation leads to partial population of the σ* orbital
of the Te2Te bond. The extent of the latter interaction al-
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lows the prediction that the Te atom involved, in the α-
position to the telluronium centre, will have acceptor prop-
erties as a Lewis acid. Following this, 4 can be understood
as a type of arenetellurenyl cation (RTe1) that is coordin-
ated but not yet coordinatively saturated by one diaryl tel-
luride nucleophile.[10,30] The bridging of the cations of 3 and
4 by the SbF6

2 anions through donor2acceptor interac-
tions correlates well with the expansion of the bridging
Sb2F bonds of the anions [3: d(Sb2F) between 185.8 ppm
(terminal) and 189.1 pm (bridging); 4: d(Sb2F) between
183.9 (terminal) and 187.2 pm (bridging)]. As a test of the
electrophilicity of 4, the reaction of 4 with another molecule
of 2 as a nucleophile was carried out. This led to the detec-
tion of the hypervalent cation 8.[21]

Structures of Trimesityltelluronium Salt 6 and
Bromodimesityltelluronium Salt 7

The propeller-like conformation of the cation of 6 with
angles C2Te2C close to tetrahedral (1042109°) is very
similar to that of the known compound Mes3TeI.[31] Te⋅⋅⋅F
contacts are very long (3632367 pm), i.e. cations and an-
ions are well separated (Figure 5, 6).

Figure 5. Molecular structure of 6; selected distances [pm] and
angles [°]: Te2C(1) 213.5(3), Te2C(10) 213.1(3), Te2C(19)
213.7(3), Te2F(1) 366.9(2), Te2F(2) 363.7(2), Te2F(3) 366.3(2)
Sb2F(1) 187.3(2), Sb2F(4) 186.2(2); C(1)2Te2C(10) 104.42(11),
C(1)2Te2C(19) 109.25(12), C(19)2TeC(19) 104.57(12)

The solid bromodimesityltelluronium salt 7 contains two
independent ion pairs within the asymmetric unit. Since the
fluorine atoms of both anions are disordered (they were
refined on two different positions, see Figure 6), only a
qualitative description of the cation2anion interactions can
be given. The bromotelluronium salt 7 can be regarded as
closely related to 3 and 4: They contain telluronium cations
with rather ‘‘soft’’ heteroatoms adjacent to the formally
charged tellurium centre, offering two choices for
cation2anion interactions. The shortest Te⋅⋅⋅F distances in
7 range from 262 to 324 pm, i.e., they are comparable to
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the Te⋅⋅⋅F distance of 3 and to that involving the formally
charged telluronium centre of 4. The coordination spheres
of the Te atoms of 7 can be regarded as pseudo-trigonal-
bipyramidal, with two carbon atoms and the lone pair in
equatorial positions and an apical Te2F contact. The
bromine atoms of the cations of 7 participate in the
cation2anion interaction network by exhibiting contacts to
(disordered) fluorine atoms of the SbF6

2 anions
[Br(2)2F(3A) and Br(2)2F(39A), depicted in Figure 6].
These Br⋅⋅⋅F distances, being shorter than the Se⋅⋅⋅F dis-
tances in 3, indicate a certain Lewis acidity of the bromine
atoms, a general property of heavy α-heteroatoms adjacent
to onium centres.[5,12,21]

Compounds R2TeBr2 generally exist as molecular (10-Te-
4) species with two apical Te2Br bonds, even when R is a
very good electron-withdrawing substituent.[31] Being closer
to an ideal 2c22e bond, the Te2Br bond of 7 is signific-
antly shorter than the apical Te2Br bonds of
(C6F5)2TeBr2.[32]

Description of the Tritellurium Cation 8

Trialkyldisulfonium cations [R2SSR]1 do not tend to val-
ence-shell expansion of sulfur by cation2anion interac-
tions[14] or by addition of a second dialkyl sulfide nucleo-
phile. The purple-black compound 4, however, reacted in a
straightforward manner with 2, providing the novel brown-
red ‘‘pentaaryltritelluranium’’ salt 8. Due to its moderate
solubility, a full set of solution-NMR data of 8 could be
collected. The two Mes2Te groups within the cation of 8 are
NMR-equivalent; their 125Te-NMR signal [δ(125Te) 5 1
854] and the 125Te-NMR signal of the central MesTe moiety
of 8 [δ(125Te) 5 1388] are broadened to a somewhat differ-
ent extent, and the Te2Te NMR coupling cannot be re-
solved. Dynamic exchange equilibria in solution were con-
firmed by addition of a small amount of 2 to a solution of
8: from such a mixture, one averaged signal from free and
coordinated 2 [δ(125Te) 5 1842] and a further signal from
the unaffected central MesTe moiety [δ(125Te) 5 1385]
were resolved. The related tritelluride anion Ph3Te3

2 [26] is
also kinetically labile in solution. Crystalline 8[21] contains
Mes5Te3

1 cations, SbF6
2 anions and CH2Cl2. The cation

contains an approximately linear Te3 backbone. The two
Te2Te distances are slightly different (Te12Te2 304.9 pm,
Te32Te1 297.9 pm); they are both significantly longer in
comparison with Te2Te single bonds such as those of 4
(Figure 7) or Mes2Te2. The average Te2Te distance of 8
(301.5 pm) is similar to that of Ph3Te3

2 (302.5 pm),[32]

shorter than the typical Te2Te distances of linear
Te2Te2Te moieties of ‘‘nonclassical’’ inorganic polytellur-
ides, for instance the Te5

42 ion within solid NaTe: central:
d(TeTe) 5 308 pm; terminal: d(TeTe) 5 282 pm.[2,33] From
the vibrational spectra of solid 8, a strong Raman emission
at 102 cm21 can be assigned to the symmetric Te3 stretching
mode (Figure 8). The analogy of the position of this Raman
emission to that of a slightly asymmetric triiodide anion is
clear.[34,35] However, it is surprising, that the antisymmetric
vibration is apparently not resolved in the IR spectrum.
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Figure 6. Structures of the two independent ion pairs and anion disorder of 7; selected distances [pm] and angles [°], ion pair 1: Te(1)2C(1)
211.6(11), Te(1)2C(10) 212.9(10), Te(1)2Br(1) 250.9(2), Te(1)2F(8) 324(2), Te(1)2F(89) 293(2); C(1)2Te(1)2C(10) 106.8(4),
C(1(Te(1)2Br(1) 91.6(3), C(10)2Te(1)2Br(1) 101.8(3); ion pair 2: Te(2)2C(28) 213.9(12), Te(2)2C(19) 213.1(11), Te(2)2Br(2) 247.9(2),
Te(2)2F(1) 262(2), Te(2)2F(19) 266(2), Br(2)2F(3A) 269(2), Br(2)2F(39A) 280(2); C(28)2Te(2)2C(19) 106.4(4), C(28)2Te(2)2Br(2)
93.4, C(19)2Te(2)2Br(2) 100.5(3)

Figure 7. Raman emissions of solid 4

A strong IR absorption at 289 cm21 is observed in 8 and
4 (in the latter the band is less symmetric showing a shoul-
der at approximately 278 cm21). This band seems to con-
firm the presence of SbF6 anions (it is present in all the
samples containing this anion that we have investigated in-
cluding AgSbF6), while the vibrations expected in the Ra-
man spectrum appear as weak peaks in 8 and 4, the Raman
spectra being dominated by the strong inter-tellurium vibra-
tions. Surprisingly, to the best of our knowledge, a strong
IR absorption at 289 cm21 has not been reported previously
in spite of numerous vibrational studies involving SbF6 an-
ions.[36] An (unassigned) strong IR absorption at 275 cm21
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Figure 8. Raman emissions of solid 8

has been reported for solid [Cp2ReCl2](SbF6)3.[37] For an
SbF6 anion in an octahedral structure, three Raman-active
vibrations [ν1(A1g) (668 cm21), ν2 (Eg) (558 cm21) and ν5

(F2g) (294 cm21)] and two infrared-active vibrations
[ν3(F1u) (669 cm21), ν4 (F1u)(350 cm21)] are expected.[38]

The sixth vibration ν6 (F2u) calculated at 294 cm21, is pre-
dicted to be inactive in both the infrared and Raman spec-
tra, but should become infrared-active in those structures
that have lower symmetry than Oh.[39] We suggest that the
band at 289 cm21 is due to ν4, and the presence of a shoul-
der at 278 cm21 in 4 could be associated to ν6, whose activ-
ity is related to the lowering of the symmetry as a result of
the observed distortions in this anion (Figure 7).
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The formation of nonclassical linear Te3 moieties has

been described theoretically as the hypothetical addition of
Te22 ions to Te2

22 ions,[2,4] The above reaction of nucleo-
phile 2 with electrophile 4 furnishing 8 is the first well-de-
fined addition of two 8e2-tellurium species to form a linear
10e2-Te3 species.[21,26] This model reaction provides an ex-
perimental approach to understanding how cationic defects
in solid selenium2tellurium alloys (Scheme 1 and 2) may be
stabilised by acceptor2donor interaction of adjacent two-
coordinate tellurium atoms with tellurium atoms of neigh-
bouring tellurium chains. However, it should be noted that
soft heteroatoms (such as Se and Te) in β- and γ-positions
from the onium centre can also exhibit certain Lewis-acidic
properties (Scheme 4).

Scheme 4. Sites of nucleophilic attack in chalcogen cations

As in the stabilisation of onium-like cationic defects (‘‘C-
3’’) above, masking of the negative charges (‘‘C-1’’)
(Scheme 1) by local formation of hypervalent anionic
Te3 moieties (such as those in LiTe3, Ph3Te3

2 or
NaTe3

[2,4,26,33,40]) will contribute to the stabilisation of
anionic defects in tellurium.

Experimental Section

77Se- and 125Te-NMR spectra were run with a Bruker AM 200
spectrometer (38.2 MHz for 77Se and 63.1 MHz for 125Te) using
CH2Cl2 as a solvent, if not otherwise specified. J values are given
in Hz. 2 Raman spectra (resolution ± 4 cm21) were recorded with
a Bruker RFS 100 FTR spectrometer (Nd:YAG laser excitation,
1064 nm). The solid samples, in the form of powders or crystals,
were packed into glass capillary tubes and then fitted into the com-
partment designed for use with a 180° scattering geometry. The
power level of the laser source was in the range of 702150 mW. 2

Far-FTIR spectra (500250 cm21) were recorded with a Bruker IFS
55 spectrometer (as polyethylene pellets). 2 Mass spectra were de-
termined with Finnegan MAT 8430 and 4315 spectrometers [EI,
70 eV, CI, or FAB with o-nitrobenzylamine (NBA)]. 2 Melting
points were determined with a Kofler hot-stage microscope and all
values are uncorrected. 2 Elemental analyses were carried out by
the Analytisches Laboratorium des Instituts für Anorganische und
Analytische Chemie, Technische Universität Braunschweig. Solv-
ents were dried by distillation under nitrogen from the appropriate
drying agent, glassware was flame-dried and cooled under a stream
of nitrogen.

3: A solution of AgSbF6 (0.68 g, 2.0 mmol) in 10 mL of dichloro-
methane was added to a stirred mixture of Mes2Te (1.1 g,
2.0 mmol), (C6F5Se)2 (0.49 g, 1.0 mmol) and Br2 (0.08 g,
0.50 mmol), dissolved in 30 mL dichloromethane. Upon addition
of the first drops of the AgSbF6 solution, the reaction mixture ad-
opted an intense red colour. Precipitation of silver bromide oc-

Eur. J. Inorg. Chem. 2000, 159121599 1597

curred after all the AgSbF6 had been added. After 30 min, the sil-
ver bromide was removed by filtration and a layer of 40 mL of
hexane was carefully added to the red-brown solution. Within 18 h,
the two phases had mixed by diffusion and black crystals (com-
pound 4) had separated from the mixture. The supernatant liquid
was decanted and all volatiles were removed under vacuum until
an oily residue remained. This residue was dissolved in a small
amount of dichloromethane and a layer of hexane was again care-
fully added to the solution. Another crop of 4 (black crystals) was
accompanied by a small amount of orange-brown crystals [m.p.
154 °C (dec.)] which were identified by X-ray crystallography as
the desired compound 3. Correct elemental analytical data were
not obtained. Attempts to purify crude 3 by fractional crystallis-
ation led to isolation of a further amount of 4, which appeared to
be a decomposition product of crude 3. Evaporation of the solvents
from the remaining slightly yellowish mother liquor furnished a
viscous oil. 77Se-NMR spectra and EI mass spectra allowed to the
detection of mesityl (pentafluorophenyl) selenide (5) and bi-
s(pentafluorophenyl) diselenide (1) in the the oily residue. 2 77Se
NMR of the mixture: δ 5 370 [3J(77Se,19F) 5 11.0 Hz,
(C6F5)2Se2 5 1], 176 [3J(77Se,19F) 5 14.3 Hz, C6F52Se2Mes 5 5].
2 EI-MS of the mixture; m/z (%): 494 (50) [(C6F5)2Se2

1], 366 (84)
[C6F52Se12Mes], 247 (100) [C6F52Se1], 119 (35) [Mes1].

4: Bromine (0.12 g, 0.75 mmol ) was added to a solution of Mes2Te
(0.55 g, 1.5 mmol) and Mes2Te2 (0.49 g, 0.75 mmol) in 30 mL of
dichloromethane, at room temperature. Subsequently, silver hexa-
fluoroantimonate (0.50 g, 1.5 mmol), dissolved in 5 mL of dichlor-
omethane, was added to the mixture. The colour of the solution
turned from brown to deep red and precipitation of silver bromide
began. Stirring was continued in the dark for 1 h for the reaction
to reach completion. After removal of the precipitate by filtration,
hexane was added to the brown solution. 4 separated from the solu-
tion as a brown-violet powder (0.94 g; 74%) that melted at 189 °C
(dec.). Black single crystals suitable for X-ray diffraction[21] were
obtained with help of the diffusion method (dichloromethane solu-
tion/hexane). Crystalline 4 was only slightly soluble in dichlorome-
thane (intensely greenish-brown solution) and in methanol (colour-
less solution). 2 C27H33F6SbTe2 (848.5): calcd. C 38.22, H 3.92;
found C 38.37, H 4.03. 2 1H NMR (CD2Cl2): δ 5 7.05 (2 H), 2.34
(6 H), 2.32 (3 H). 2 125Te NMR: no signal observed due to low
solubility. 2 Raman: ν̃ 5 ν(Te2Te) 143 cm21. 2 FAB-MS (NBA),
positive mode; m/z (%): 741 (5) [Mes3Te3

1], 613 (40) [Mes3Te2
1],

494 (22) [Mes2Te2
1], 368 (100) [Mes2Te1], 248 (24) [MesTe12H],

119 (70) [Mes1]; negative mode; m/z (%): 494 (7) [Mes2Te2
2], 472

(2.5) [Sb2F12
2], 235 (100) [SbF6

2], 216 (2) [SbF5
2], 197 (2) [SbF4

2].
2 FT-IR: ν̃ 5 341 (2.8), 321 (2.8), 289 (10), 278 sh, 218 (3.4) 62
(2.2) cm21. 2 FT-Raman: ν̃ 5 210 (4.0), 143 (10.0), 124 (5.0), 85
(shoulder), 76 (8.0) cm21.

7: A solution of 1 mmol of Mes2TeBr2 was prepared by oxidation
of Mes2Te (0.37 g, 1.0 mmol), dissolved in 10 mL of dichlorome-
thane, with a solution of bromine (0.16 g, 1.00 mmol) in 5 mL of
dichloromethane at 0 °C. Addition of silver hexafluoroantimonate
(0.38 g, 1.0 mmol) led to a deep red solution and to the precipita-
tion of AgBr, which was removed by filtration after continued stir-
ring for 15 min. Upon addition of 35 mL of hexane to the red solu-
tion, a yellow precipitate separated from the yellowish supernatant
solution. In order to remove the remaining amounts of silver brom-
ide from the yellow crude product, the latter was again treated with
5 mL of dichloromethane and the undissolved solid (AgBr) was
removed by filtration. Precipitation by addition of 10 mL of hexane
provided 0.54 g (79%) of yellow 7 (m.p. 148 °C, dec.). 2

C18H22BrF6SbTe (681.6): calcd. C 31.72, H 3.25; found C 30.98, H
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3.25. 2 1H NMR (CD2Cl2): δ 5 7.16 (2 H), 2.52 (6 H), 2.39 (3
H). 2 125Te NMR (CH2Cl2/C6D6): δ 5 1128. 2 FAB-MS (NBA),
positive mode; m/z (%): 617 (8) [Mes3Te2

1], 520 (45)
[NBA(Mes2Te1 2 H], 447 (45) [Mes2TeBr1], 368 (85) [Mes2Te1],
248 (40) [MesTe1 2 H], 119 (100) [Mes1].

8: A solution of 8, prepared by slight warming of a mixture of
Mes2TeTeMes SbF6 (4) (0.43 g, 0.50 mmol) and Mes2Te (2) (0.25 g,
0.70 mmol) in 2 mL of dichloromethane, was kept at 218 °C in
order to obtain crystals that were suitable for X-ray diffraction.[21]

After separation of the clear brownish-red needles from the solu-
tion by filtration, the solvent-containing single crystals decom-
posed under vacuum into a brown powder of 8 (0.45 g, 74%) which
melted at 169 °C (dec.). The given yield and analytical data concern
the solvent-free final product. 8 was fairly soluble in dichlorome-
thane; addition of hexane to such a solution led to a precipitate of
4. 2 C45H55F6SbTe3 (1214): calcd. C 44.50, H 4.56; found C 44.64,
H 4.48. 2 1H NMR (CD2Cl2): δ 5 7.04 (2 H), 2.32 (6 H), 2.30 (3
H). 2 125Te NMR (CH2Cl2/C6D6): δ 5 854, 388; after addition of
a 20% excess of 1: δ 5 842, 385. 2 FAB-MS (NBA), positive mode;
m/z: 741 (2) [Mes3Te3

1], 613 (40) [Mes3Te2
1], 494 (14) [Mes2Te2

1],
368 (100) [Mes2Te1], 248 (20) [MesTe12H], 119 (55) [Mes1]; nega-
tive mode; m/z: 494 (7) [Mes2Te2

2], 472 (3) [Sb2F12
2], 235 (100)

[SbF6
2], 216 (2) [SbF5

2], 197 (2) [SbF4
2]. 2 FT-IR: ν̃ 5 326 (3.2),

289 (10.0), 204 (3.8), 100 (shoulder), 78 (4.6) cm21. 2 FT-Raman:
ν̃ 5 220 (2.0), 189 (1.9), 141 (2.5), 102 (10.0), 78 (shoulder), 70
(5.2) cm21.

Crystal Structure Determination of 3: Empirical formula:
C24H22F11SbSeTe, M 5 847.73; orthorhombic, space group Pbca,
a 5 1452.73(12) pm, b 5 1583.6(2) pm, c 5 2405.6(2) pm; V 5

5.5341(9) nm3; Z 5 8; dcalcd. 5 2.035 Mg m23; µ 5 3.433 mm21,
T 5 173 K. An orange prism (0.62 3 0.42 3 0.20 mm) was
mounted in an inert oil. 6933 intensities were measured (2θ 5

6250°, ω-scans; 217 , h , 6, 218 , k , 0, 228 , l , 0) using
Mo-Kα radiation (graphite monochromator) with a Siemens P4 dif-
fractometer. After absorption correction (ψ-scans; min. and max.
transmission: 0.516, 1.000), 4877 reflections were unique (Rint 5

0.0190) and used for all calculations (program SHELXL-93[41]).
The structure was solved by direct methods and refined aniso-
tropically by full-matrix least squares on |F|2. Rigid methyl groups
were employed, all other protons were refined using a riding model.
The final wR(F2) was 0.0576, with conventional R(F) 0.0268 for
349 parameters and 267 restraints (highest peak 754, deepest hole
2463 e/nm3).

Crystal Structure Determination of 6: Empirical formula:
C27H33F6SbTe, M 5 720.88; orthorhombic, space group Pbca, a 5

1616.55(10) pm, b 5 1738.52(12) pm, c 5 1985.6(2) pm; V 5

5.5804(7) nm3; Z 5 8; dcalcd. 5 1.716 Mg m23, µ 5 2.067 mm21,
T 5 173 K. A green prism (0.62 3 0.60 3 0.55 mm) was mounted
in an inert oil. 4908 intensities were measured (2θ 5 6250°, ω-
scans; 219 , h , 6, 220 , k , 0, 20 , l , 23) using Mo-Kα

radiation (graphite monochromator) with a Siemens P4 diffracto-
meter. After absorption correction (ψ-scans; min. and max. trans-
mission: 0.821, 0.948), 4908 reflections were unique (Rint 5 0.0190)
and 4906 were used for all calculations (program SHELXL-93).[41]

The structure was solved by direct methods and refined aniso-
tropically by full-matrix least squares on |F|2. Rigid methyl groups
were employed, all other protons were refined using a riding model.
The final wR(F2) was 0.0509, with conventional R(F) 0.0242 for
326 parameters and 249 restraints (highest peak 344, deepest hole
2488 e/nm3).

Crystal Structure Determination of 7: Empirical formula:
C36H44Br2F12Sb2Te2, M 5 1363.23; monoclinic, space group P21/
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n, a 5 1144.2(2) pm, b 5 1210.3(2) pm, c 5 3171.8(5) pm; V 5

4.3860(13) nm3; Z 5 4; dcalcd. 5 2.064 Mg m23, µ 5 4.434 mm21,
T 5 143 K. A yellow cut needle (0.80 3 0.42 3 0.38 mm) was
mounted in an inert oil. 8158 intensities were measured (2θ 5

6250°; ω-scans; 2 13 , h , 6, 0 , k , 14, 2 37 , l , 37; data
are composed of independent set plus some Friedel pairs) using
Mo-Kα radiation (graphite monochromator) with a Stoe STADI-4
diffractometer. After absorption correction (ψ-scans; min. and
max. transmission: 0.460, 0.764), 7722 reflections were unique
(Rint 5 0.0498) and 7703 were used for all calculations (program
SHELXL-93).[41] The structure was solved by direct methods and
refined anisotropically by full-matrix least squares on |F|2. Rigid
methyl groups were employed, all other protons were refined using
a riding model. The final wR(F2) was 0.1982, with conventional
R(F) 0.0675 for 457 parameters and 24 restraints (highest peak
1849, deepest hole 21561 e/nm3).

Crystallographic data (excluding structure factors) for the struc-
tures reported in this paper have been deposited with the Cam-
bridge Crystallographic Data Centre as supplementary publication
no. CCDC-121862 (3), -100165 (4),[21] -121863 (6), -121964
(7), -100165 (8).[21] Copies of the data can be obtained free
of charge on application to CCDC, 12 Union Road, Cambridge
CB2 1EZ, UK [Fax: (internat.) 1 44-1223/336-033; E-mail:
deposit@ccdc.cam.ac.uk).
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