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Synthesis of the First Stable Selenadistibirane and Its Molecular Structure
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Treatment of an extremely hindered 1,3,5-triselena-2.,4,6-
tristibane derivative with excess amount of hexamethylphospho-
rous triamide in toluene at 130 °C resulted in the formation of
the first stable selenadistibirane derivative as orange crystals.
The molecular geometry of this novel heavy atom-containing
three-membered ring system was definitively determined by X-
ray structural analysis.

The syntheses, structures, and reactivities of multiple
bonds between atoms of heavier main group elements have
attracted wide interest as one of the active areas of chemical re-
search.! As for the case of group 15 elements, several examples
of stable diphosphenes,?2 phosphaarsenes,3 and diarsenes3b.4
have been synthesized by taking advantage of steric protection
with bulky substituents since the first isolation of a stable
diphosphene (RP=PR; R = 2 4,6-tri-tert-butylphenyl).5 Very re-
cently we have also succeeded in the synthesis and characteriza-
tion of the first stable examples of distibene 1 and dibismuthene
2 {TbtE=ETbt (1; E = Sb,6 2; E = Bi")], i. e. long-sought, much
heavier congeners of azo compounds, by utilizing an efficient
steric protection group, 2,4,6-tris[bis(trimethylsilyl)methyl]phe-
nyl (denoted as Tbt).8
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On the other hand, in the course of our studies on the syn-
thesis of sterically congested molecules we have developed an-
other bulky aromatic substituent, 2,6-bis[bis(trimethylsilyl)-
methyl]-4-[tris(trimethylsilyl)methyl]phenyl group (denoted as
Bbt group),® which is expected to be a potentially more useful
steric protection group than Tbt group. In this paper, we wish to
present the successful application of this Bbt group to the syn-
thesis of the first stable selenadistibirane derivative 3 together
with its X-ray structural analysis.

When an extremely hindered 1,3,5-triselena-2.4,6-tristi-
bane bearing three Bbt groups on the antimony atoms 4 (50.8
mg, 0.02 mmol)10 was treated with hexamethylphosphorous tri-
amide (HMPT; 0.01 ml, 0.06 mmol, 3 equiv.) in toluene-dg (0.6
ml) at 130 °C in a sealed tube for 72 h, the color of the reaction
mixture turned deep red. Although the UV-vis spectrum of this
reaction mixture showed two characteristic absorption maxima
at 490 (g, ca. 4000) and 600 (g, ca. 200) nm attributable to the
n—n* and n—m* transitions of the expected distibene 5 (Bbt-
Sb=Sb-Bbt), concentration of the reaction mixture followed by
purification with gel permeation liquid chromatography afforded
selenadistibirane 3 as air-stable orange crystals in 70% of iso-
lated yield together with the recovered starting material 4 (30%)
(Scheme 1).

Selenadistibirane 3 was found to be thermally very stable
even in solution up to 180 °C and showed satisfactory !H and
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Scheme 1.

13C NMR spectral data and its molecular composition was con-
firmed by elemental analysis.!! 77Se NMR of 3 was also mea-
sured in toluene-dg to show a signal at 6 -181.5, which is within
a characteristic region for those of previously reported
selenirane derivatives. 12

Figure 1. ORTEP drawing of 3 with thermal ellipsoid plot (30% probability).
Selected bond lengths (A) and angles (deg); Sb(1)-Sb(2) 2.852(2), Sb(1)-
Se(1) 2.565(1), Sb(2)-Se(1) 2.562(2), Sb(1)-C(1) 2.187(9), Sb(2)-C(31)
2.179(9), Sb(1)-Se(1)-Sb(2) 67.60(5), Se(1)-Sb(1)-Sb(2) 56.15(4), Se(1)-
Sb(2)-Sb(1) 56.25(4).

The formation of 3 is worthy of note as the first example
of this ring system and the molecular geometry of 3 was defini-
tively determined by X-ray structural analysis.!3 In Figure 1 is
shown the ORTEP drawing of 3 together with some selected in-
tramolecular structural parameters. The selenadistibirane ring
skeleton of 3 is an almost isosceles triangle with the normal Sb—
Sb bond length [2.852(2) A]'4 and the two Bbt groups are ori-
ented in trans configuration with regard to the central selenadi-
stibirane ring.

On the other hand, treatment of 4 with an excess amount
of HMPT (20 equiv.) in the presence of 2,3-dimethyl-1,3-buta-
diene (100 equiv.) gave the stibolene derivative 6 (70%) as a
major product together with 3 (30%) (Scheme 1). The formation
of 6 strongly suggests the involvement of the stibinidene inter-

Copyright © 1998 The Chemical Society of Japan



726

mediate 7 in the deselenation of 4, since selenadistibirane 3 is
almost inert toward 2,3-dimethyl-1,3-butadiene even at 130 °C
in toluene-dg for a long time.

The diene adduct 6 here obtained was found to undergo
ready thermal retrocycloaddition in toluene-dg at 130 °C for 64
h to give the deep-red solution of distibene 5, the electronic
spectrum of which was identical with that obtained from the
direct deselenation of 4 with HMPT (vide supra). The reaction
of distibene 5, prepared from 6,15 with an excess amount of
(Me;N)3P=Se in benzene-dg at room temperature followed by
concentration resulted in the almost quantitative formation of 3,
while the reaction of isolated 3 with HMPT (ca. 10 equiv.) in
toluene-dg at 120 °C gave only the deselenated distibene 5 in
solution as judged by TH NMR.
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Scheme 2.

The above-mentioned selenation reaction of the isolated
distibene 5 with (Me;N)3P=Se under high concentration giving
selenadistibirane 3 is important not only as a new reaction for a
distibene but also as the experimental evidence of the final step
for the formation of 3 in the deselenation of 4.

In summary, we have succeeded in the synthesis and isola-
tion of the first stable selenadistibirane derivative 3 by taking
advantage of a new steric protection group Bbt. The formation
of selenadistibirane 3 in the deselenation of Bbt-substituted
triselenatristibane derivative 4 in contrast to that of distibene 1
in the Tbt-substituted system is most likely interpreted in terms
of the remarkable insolubility of 1 in common organic solvents,
which may prevent further transformation of 1 into its sele-
nadistibirane derivative via redistribution of a selenium atom be-
tween the initially formed distibene and the phosphine selenide
on concentration.

Further investigation on physical and chemical properties
of the newly obtained, overcrowded selenadistibirane 3 is cur-
rently in progress.
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