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Summary: Bis(2,2′-biphenylylene)tellurane (1; λ4-tellane)
reacts with sulfuryl chloride to give bis(2,2′-biphen-
ylylene)dichloropertellurane, [12-Te-6(C4Cl2)] (2; λ6-
tellane) in high yield. The structure of the pertellurane
2 was determined by single-crystal X-ray crystallo-
graphic analysis, revealing that it has a distorted-
octahedral geometry and a cis configuration with respect
to the coordinated chlorine atoms.

There are only a few hexavalent organic compounds
among the hypervalent heteroatom species, and tetra-
and pentavalent compounds which often exhibit a
trigonal-bipyramidal structure are more common.1 The
first hexavalent organochalcogen(VI) species (λ6-tellane)
[12-X-6(C2O2F2)] (X ) S (3), Te (4)) and [12-S-6(C2O4)
(5)] have been reported by Martin et al.2 as shown in
Chart 1. Both 3 and 4 have been generated by the
oxidative addition of the corresponding tetravalent
chalcogenurane [10-X-4(C2O2)] with BrF3. These struc-
tures were determined to be octahedral with cis con-
figurations by X-ray crystallographic analysis. We
reported that the organopersulfurane [12-S-6(C2N2Cl2)]
(6) has been synthesized from the reaction of the diaza-
[3.3]metacyclophane 1,11-(methanoaminomethano)-
5H,7H-dibenzo[b,g][1,5]thiazocin with t-BuOCl or N-
chlorobenzotriazole.3 However, its detailed structure
could not be determined. The synthesis of hexameth-
ylpertellurane, [12-Te-6(C6)], and tetramethyldifluo-
ropertellurane, [12-Te-6(C4F2)], has been reported by
Morrison et al., as have the molecular structure analysis
of (CH3)6Te by gas-phase electron diffraction2 and its
theoretical MO calculation by Schaefer et al.4 However,
synthesis of (CH3)4F2Te required XeF2, which is an
expensive reagent, and no structural details of the two
compounds have been reported until recently. Hell-
winkel et al. reported that bis(2,2′-biphenylylene)-
tellurane (1) on treatment with 1 equiv of Br2 or I2 gave
only the corresponding telluronium bromide or iodide,

and they did not obtain the corresponding pertellurane.5
On the other hand, we have investigated the reactions
of tetraaryltellurane [10-Te-4(C4)] with various reagents
in order to synthesize new tetravalent telluranes con-
taining oxygen or sulfur atoms as the ligands.6 Fur-
thermore, we undertook the reaction of bis(2,2′-biphen-
ylylene)tellurane (1) with sulfuryl chloride and obtained
the new pertellurane 2. Here we describe the first
isolation of bis(2,2′-biphenylylene)dichloropertellurane,
[12-Te-6(C4Cl2)] (2; λ6-tellane), and its crystal and
molecular structure.
The tellurane 1 was reacted with 1 molar equiv of

sulfuryl chloride in dry THF at -78 °C. After the
removal of the solvent at room temperature, the corre-
sponding tetraaryldichloropertellurane (2) was isolated
as stable yellow crystals in 50% yield, as shown in
Scheme 1. The product 2 was identified by 1H, 13C, and
125Te NMR, mass spectroscopy, and elemental analysis.6
In the case of [12-Te-6(X4Y2)] having X and Y ligands

(where Y is a more electronegative ligand than X), it
has been reported that the corresponding pertelluranes
in the cis configuration tend to be more stable than the
corresponding trans configuration and the results of
various NMR spectra indicate that the two X ligands
on the Y-Te-Y plane are not equivalent to the other
two X ligands.2,3 Examination of the 1H and 13C NMR
spectra of the compound 2 reveals that two bipheny-
lylene groups are in nonequivalent states7 with 4
doublet and 4 triplet peaks by 1H NMR and 12 peaks
by 13C NMR. Furthermore, only the 1H NMR chemical
shift of the 3′-position in the cis-pertellurane(VI) 2,
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having two biphenylylene groups, appears at an unusu-
ally high field compared with those of bis(2,2′-bipheny-
lylene)selenurane or -tellurane 1 if the pseudorotation
is slower than the time scale of NMR at low tempera-
ture,8 as shown in Figure 1. This result indicates that
the 3′-proton is shielded by the aromatic ring of the
neighboring biphenylylene group. On the basis of these
results we can conclude that compound 2 is a hexaco-
ordinated organopertellurane having a cis configuration
with respect to the two chlorine atoms and the inter-
or intramolecular permutation of the ligands in Te(VI)
is slower than the NMR time scale or is nonexistent.
Furthermore, we have succeeded in determining the
structure of the product 2 by X-ray crystallographic
analysis.
Single crystals of 2 were formed by recrystallization

from a dry THF/CH2Cl2 solution. A transparent light
yellow crystal of dimensions 0.20 × 0.30 × 0.70 mmwas
analyzed on an Enraf-Nonius CAD4 four-circle diffrac-
tometer at 296 K. The crystallographic data and
numerical details for the compound 2 are given in ref

9. The structure was solved by direct methods. The
initial E map revealed the Te atom on the respective
symmetry site (0.5, y′, 0.25) with one unique chlorine
atom bonded to it. The remaining non-hydrogen atoms
were located in subsequent difference Fourier syntheses.
Hydrogen atoms were added at calculated positions
(C-H ) 0.97, 1.08 Å for carbons with tetrahedral and
planar geometries, respectively) but not refined. The
neutral atom scattering factors used in the refinements
were taken from Cromer and Waber10 and corrected for
anomalous dispersion.11 Only the 1916 reflections with
I > 3.00σ(I) were used in the refinements. The final
cycle of refinement included 137 variable parameters
and converged with R ) 0.025 and Rw ) 0.032. The
remaining maximum and minimum electron density
features in the final difference Fourier map are equal
to 0.44 and -0.36 e/Å3, respectively, with the maximum
located at a distance of 1.07 Å from the tellurium atom.
The molecular structure of 2 and the adopted num-

bering scheme for one enantiomer are illustrated by an
ORTEP plot in Figure 2, together with a selected list of
bond distances and angles.
The unit cell consists of four molecules of [Te(C12H8)2-

Cl2] and four CH2Cl2 molecules, each on a crystal-
lographic 2-fold axis of symmetry. The racemic com-
pound contains two types of tellurium centers, each
having two biphenylylene ligands and two chloride
atoms in their coordination sphere in both the ∆ and Λ
configurations, respectively. The central tellurium
atoms have a distorted-octahedral coordination geom-
etry with the two chloride atoms cis to each other. The
Te-Cl bond distance exhibited is 2.530(1) Å, which is
longer than the Te-Cl single covalent bond (2.31 Å)12
and the Te-Cl bond (2.33 ( 0.02 Å)13 of TeCl4 but is
similar to the apical bond lengths (2.511 and 2.528 Å)
found in (CH3)2Cl2Te and trans-TeCl4(SC(N(CH3)2)2)2.14
The average Te-C bond distance exhibited is 2.123(4)
Å, which is similar to the Te-C single covalent bond
(2.101 Å) and slightly shorter than the Te-C apical
bond (2.24 Å) of bis(2,2′-biphenylylene)tellurane (1). A
comparison of Te-C bond distances in the correspond-
ing di-, tetra-, and hexavalent tellurium species shows
that the variation of bond distances with increasing
valency is irregular. The Te-C bond distances become
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H), 8.53 (d, J ) 6.7 Hz, 2H, 6-Ar H), 8.61 (d, J ) 6.7 Hz, 2H, 3-Ar H);
13C NMR (67.8 MHz, DMSO-d6, room temperature) δ 124.4, 125.0,
125.3, 126.7, 130.7, 131.4, 132.5, 132.6, 133.0, 133.6, 137.1, 147.7; 125-
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was carried out on an Enraf-Nonius CAD4 diffractometer employing
graphite-monochromated Mo KR radiation (λ ) 0.710 69 Å) using the
ω/2θ scan technique. A total of 2259 reflections was collected in the
range 2.8 < 2θ < 50°. The data were corrected for decomposition
(2.9%), crystal absorption (maximum and minimum transmission
factors equal to 1.00 and 0.73, respectively), and Lorentz and polariza-
tion effects. The final cycle of refinement included 137 variable
parameters and converged with unweighted and weighted agreement
factors of R ) ∑||Fo| - |Fc||/∑|Fo| ) 0.025 and Rw ) ∑(∑w(|Fo| - |Fc|)2/
∑wFo

2)/1/2 ) 0.032. All calculations were performed on an Indy
workstation using the teXsan crystallographic software package from
Molecular Structure Corp. Atomic coordinates, bond lengths and
angles, and thermal parameters have been deposited at Cambridge
Crystallographic Data Centre.
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Table 2.2B.
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1969, 8, 313.

Scheme 1

Figure 1. 1H NMR spectrum of 2 at room temperature
(upper) and that of 1 at -105 °C (lower),8 along with the
atom numbering of each.
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longer in the order dibenzotellurophene(II) (2.087 Å),15
the pertellurane(VI) 2, and the tellurane(IV) 1. These
results identify the order of Te-C bond distances of
(CH3)xTe (x ) 2, 4, 6).16
Furthermore, the bond angle of C(1)-Te(1)-C(12) is

99.0(1)°, which is smaller than that of equatorial
carbons and a tellurium(IV) atom (108.2(2)°),5a and the

hydrogen atoms at the 3′-position of cis-pertellurane-
(VI) 2 are located nearer to the aromatic ring in the
other biphenylylene group compared with the structure
of bis(2,2′-biphenylylene)tellurane (1). The space-filling
view of 2 (Λ) is shown in Figure 3. This result indicates
the magnetic behavior of the hydrogen atoms at the 3′-
position of 2, as described above.
The present results provide a new procedure for the

synthesis of organopertellurane (λ6-tellane), further
work on which is currently underway in our laboratory.
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Figure 2. ORTEP view of 2 (Λ). Bond distances (Å) and
angles (deg) of the non-hydrogen atoms of this enantiomer
are given below (esd’s in parenthesis). The primed atoms
refer to the equivalent position (1 - x, y, 0.5 - z) with
respect to the unique asymmetric unit at (x, y, z). Bond
distances: Te(1)-Cl(1), 2.530(1); Te(1)-C(1), 2.130(3);
Te(1)-C(12), 2.116(4); C(1)-C(2), 1.378(5); C(1)-C(6),
1.400(5); C(2)-C(3), 1.390(6); C(3)-C(4), 1.369(7); C(4)-
C(5), 1.377(6); C(5)-C(6), 1.398(5); C(6)-C(7), 1.471(5);
C(7)-C(8), 1.396(6); C(7)-C(12), 1.404(5); C(8)-C(9),
1.385(7); C(9)-C(10), 1.377(7); C(10)-C(11), 1.398(6); C(11)-
C(12), 1.381(5). Bond angles: Cl(1)-Te(1)-Cl(1)′,
86.48(5); Cl(1)-Te(1)-C(1), 90.3(1); Cl(1)-Te(1)-C(1)′,
87.8(1); Cl(1)-Te(1)-C(12), 171.3(1); Cl(1)-Te(1)-C(12)′,
88.1(1); C(1)-Te(1)-C(1)′, 177.3(2); C(1)-Te(1)-C(12),
99.0(1); C(1)-Te(1)-C(12)′, 82.7(1); C(12)-Te(1)-C(12)′,
98.1(2); Te(1)-C(1)-C(2), 126.6(3); Te(1)-C(1)-C(6),
109.8(3); C(2)-C(1)-C(6), 123.5(4); C(1)-C(2)-C(3),
118.0(4); C(2)-C(3)-C(4), 119.8(4); C(3)-C(4)-C(5),
121.9(4); C(4)-C(5)-C(6), 120.1(4); C(1)-C(6)-C(5),
116.7(4); C(1)-C(6)-C(7), 118.9(3); C(5)-C(6)-C(7),
124.4(4); C(6)-C(7)-C(8), 124.4(4); C(6)-C(7)-C(12),
117.9(3); C(8)-C(7)-C(12), 117.7(4); C(7)-C(8)-C(9),
120.1(4); C(8)-C(9)-C(10), 121.1(4); C(9)-C(10)-C(11),
120.5(4); C(10)-C(11)-C(12), 117.9(4); C(7)-C(12)-C(11),
122.8(4).

Figure 3. Space-filling illustration of 2 (Λ).
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