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Since the first synthesis of diorganyl peroxides in 1858 by
Brodie, who isolated dibenzoyl peroxide by reacting benzoyl
chloride with NaO,,* diacyl peroxides have been extensively
investigated and widely used in industryn contrast, little is
known about the chalcogen isologue 36 different groups) in
which the carbonyl or peroxide oxygens are replaced by sulfur,
selenium, or tellurium (Scheme 1). Among them, diacyl ditellu-
rides were not isolated until our report in 1987 of bis(2-
methoxybenzoyl) ditelluride due to their extreme instabilityn
general, diorganyl peroxides and higher dichalcogenideER
E-R (E= 0O, S, Se or Te) have been shown to have dihedral
angles of 86-110° around the E-E axis (skew conformatiohy
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benzenecarbotelluroate with Xgproceeded readily below 15
°C to give bis(2-methoxybenzoyl) ditelluridein 76% vyield as
red crystal¥ (Scheme 2).

The structure oflL determined by X-ray analysis is shown in
Figure 1! Surprisingly, the central part of the molecule is planar
(dihedral angle C#Tel-Tel—C7, 180.0). Intramolecular
nonbonded interactions were observed between the tellurium and
the methoxy oxygen [Te1-:02, 2.765(9) A] and between the
tellurium and the opposite carbonyl oxygen [feD1', 3.11(1)

A], which are significantly shorter than the sum of the van der
Waals radii of both atoms (3.58 AJ.Thus, the molecule is
considered to be stabilized by both 1,5- and 1,4-type-0Ce
intramolecular interaction'S.For comparison, we carried out an
X-ray structural analysis of bis(2-methoxybenzoyl) disulfi2le
and diselenid&.* However, these molecules are not planar. They
sustain dihedral angles<E—E—C of 84.7(3) for the disulfide

2 (E=S) and 79.5(2)and 104.8(2) for the diselenide3 (E =
Se).

To better understand this striking structural difference between
ditelluride 1 and other dichalcogenidesand 3, ab initio MO
calculations were carried out. Geometry optimizations for the
planar and skew conformers of bis(2-methoxybenzoyl) dichal-
cogenides 1, 2, and3) were performed using the Gaussian 94

as a result of the electronic repulsion among the lone pair electronsprograms'® The calculations for the disulfid2 and diselenid&

of oxygen or higher chalcogen atorhlo planar diacyl higher

indicated that the skew conformers are more stable than the planar

dichalcogenides have been reported, although several planaiconformersi In sharp contrast, the ditellurideadopts a planar

diorganyl peroxides are known.Recently, the importance of

conformation that is more stable than a skew conforméafion.

nonbonded intramolecular interactions has been recognized as ahese results are consistent with the results obtained by X-ray

key factor that influences the structure, stability, and reactivity
of organo main group element compouridé/e have tried to
isolate other diacyl ditellurides, but failed. This prompted us to
elucidate the nature of the stability of the isolable 2-methoxy-
benzene derivative. In this paper, we report the first crystal-
lographic study of a diacyl ditelluride and the origin of its unusual
planarity and stability.

To synthesize a diacyl ditelluride, a new method that involves
alkali metal tellurocarboxylates and Xg&s an oxidizing agent
was used®® As expected, the oxidation of sodium 2-methoxy-
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structural analyses df 2, and3, i.e., the disulfide2 and diselenide

3 assume a skew conformation, whereas the ditellutiéists

as a planar conformer. To obtain further information regarding
the electronic structures @&f 2, and3, NBO (natural bond orbital)
analyse®¥ were carried out. The results of a deletion energy
analysi¢® are shown in Table 1. For all conformers of the
dichalcogenided, 2, and 3, attractive interactions between the
lone pair of the ortho methoxy oxygen and chalcogen atoms were
observed. This is likely to contribute to the overall stability of
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Figure 1. An ORTEP drawing of bis(2-methoxybenzoyl) ditelluride
The atoms are drawn with 50% probability thermal ellipsoids. Selected
bond distances (&), angles (deg), and torsion angles (deg)—Tel
2.739(2), TexC7 2.15(1), O+ C7 1.18(1), Tei-02 2.765(9), Te%-

01 3.11(1), Tel-Tel—C7 87.0(3), Te:C7—01 120.0(10), C202—

C8 119(1), Tet-Tel--O2 158.0(2), C+Tel-Tel—C7 180.0, Tet
C7-C1-C2 8(1), Tel-Tel-C7-01 2(1).

Table 1. Results of NBO Analysis on Skew and Planar Conformer
Dichalcogenides (Deletion Energl, [kcal/mol]) at RHF/LANL2DZ
[B3LYP/LANL2DZ] Levels

E
(2-MeOGH4COE) S Se Te

no(methoxy)— o*e-g skew 4.33[6.24] 5.71[7.84] 6.66[9.01]
planar  4.97[7.22] 6.10[8.61] 6.20[8.75]
Nge— 0*e—c skew 3.40[2.79] 3.49[3.01] 3.49[3.25]
planar —0.01[0.03] 0.02[0.03] 0.13[0.16]
no(carbonyl)— o*e_c skew 0.01[0.00] 0.01{0.01] 0.04[0.00]
planar  1.51[1.79] 1.89[2.07] 2.77[3.04]

a 1,4-type nonbonded interaction b
I’r ------- o 'Y
/R R[/6
ng o*
Planar Conformer Skew Conformer
(C-E-E-C, 6=180°) (C-E-E-C, 8= ca. 70°)
E=S, Se, or Te

Figure 2. Possible explanation of the nonbonded interaction dugto n
o* (planar conformer) andg-o* orbital overlap effect (skew conformer).
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carbonyl oxygen (g) and theo* ¢ orbital (1,4-interactioff) are
observed only for planar conformers (Figurea®, Notably, the
deletion energy of ditelluridé corresponding to this interaction

is the largest among these three dichalcogenides. This may
substantially contribute to the stabilization of the planar conformer
of 1, and may also result in shortening of the distance between
Te---O=C as has been observed by X-ray molecular structural
analysis.

We compared orbital energies and the magnitude of the
contributions of atomic orbitals t0* ¢ for the dichalcogenideX.
First, the orbital energies of the lone pair of the carbonyl oxygen
in the dichalcogenides are nearly equal, whereas the energy of
the o*1ec Orbital is the lowest among the thregec (E = S, Se,
or Te) orbitals. Thus, the energy gap betweg(donor) andr* rec
(acceptor) is the smallest among the three compounds, and the
stabilization due to orbital interaction is the greatest. Second, the
contribution of the tellurium atomic orbital to the ¢c orbital is
the highest among the three compounds, i.e.,athgc orbital
extends to the lone pair of the carbonyl oxygen, resulting in
stronger contact with the lone pair on the carbonyl oxygen.
Accordingly, the orbital interaction between the lone pair of the
carbonyl oxygen nand theo*r¢c orbital is maximized in these
three dichalcogenides in terms of (i) orbital energy and (ii) orbital
overlap. This effect may play an important role in the planar
conformation of ditelluridel together with the interaction between
the lone pair orbital of the methoxy oxygen and the-Te
antibonding orbital. The significance of the-n* interactions
proposed here is substantiated by the observed planar geometry
of bis(3-chloro-2-pyridyl) ditelluridé? The lone pairs of the
nitrogen and chlorine atoms in place of the carbonyl and methoxy
oxygens inl similarly delocalize to the TeC and Te-Te bonds,
respectively.

In summary, the first stacked planar diacyl dichalcogenide, (2-
MeOGH4CO)Te,, was synthesized and characterized. We found
that intramolecular nonbonded interactions between the carbonyl
oxygens and the tellurium atoms play a more important role in
its planarity rather than those between the methoxy oxygens and
the tellurium. These findings may not only contribute to the design
of chalcogen containing planar molecules, especially new organo
electronic materials requiring planarity, but also lead to the
synthesis of many other unstable higher chalcogen isologues of
diacyl peroxides.
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