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The First Chemical Trapping of Stibinidene, a Monovalent Antimony Compound
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Deselenation of a 1,3,5-triselena-2,4,6-tristibane bearing
2,4,6-tris[bis(trimethylsilyl)methyl]phenyl (denoted as Tht)
groups in the presence of 1,3-butadienes resulted in the forma-
tion of the corresponding [1 + 4]-cycloadducts of a sterically
hindered stibinidene (Tht—$5:), a monovalent species of antimo-
ny. Therma generation of the stibinidene from the stibolene
derivatives viaretro [1 + 4]-cycloaddition reaction was suggest-
ed by the diene-exchange reaction in thermolysis of the adducts
in the presence of another butadiene derivative.

In recent decades, there has been much interest in the
chemistry of low-coordinated species of heavier group 15 ele-
ments, namely doubly bonded systems and monovalent species.
As for the double-bond compounds, several examples of stable
diphosphenes (RP=PR), diarsenes (RAs=AsR), and related
compounds have been synthesized and fully characterized!= by
utilizing kinetic stabilization since the first isolation of a stable
diphosphene (Mes* P=PMes*; Mes*=2,4,6-tri-t-butylphenyl).*
By contrast, phosphinidenes (R—P:),% phosphorus analogues of
nitrenes, have long been postulated as reactive intermediates.
Stibinidenes (R-Sbx) are also interesting monovalent species of
group 15 elements, but no stibinidene has been detected or
trapped so far probably due to its extremely high reactivity.

On the other hand, we have recently succeeded in the synthe-
sisand characterization of the first stable distibene (ThtSb=SbTht,
1)® and dibismuthene (ThtBi=BiTht),” novel doubly bonded sys-
tems between heavier group 15 elements, by taking advantage of
an efficient steric protection group, Tht. In the fina step for the
synthesis of distibene 1, that is, deselenation reaction of
(ThtSbSe), (2) with hexamethylphosphorous triamide (HMPT), it
is rational to postulate the initial formation of a stibinidene
(Tht—Sb:, 3) asan intermediate. In this paper, we wish to present
the first successful trapping reaction of the intermediary stib-
inidene 3 with isoprene or 2,3-dimethyl-1,3-butadiene and also the
re-generation of 3 by thermal retro [1 + 4]-cycloaddition of the
diene adducts.

When 2 (217 mg, 0.10 mmol) was treated with HMPT (0.18
ml, 10 equiv) in the presence of isoprene (1.0 mL, 100 equiv) in
toluene (4.5 mL) at 110 °C in a sealed tube for 22 h, a small
amount of green crystals of distibene 1 (16 mg, 26%) were precip-
itated. Filtration of the reaction mixture followed by purification
with gel permeation liquid chromatography afforded stibolene
derivative 4a8 (133 mg, 62%), i.e., the [1 + 4]-cycloaddition prod-
uct of the intermediary stibinidene 3 as colorless crystals.
Stibolene 4b® was also obtained (65%) in a similar treatment of 2
using 2,3-dimethyl-1,3-butadiene instead of isoprene. On the
other hand, thermolysis of the isolated distibene 1 in the presence
of 2,3-dimethyl-1,3-butadiene (in toluene, at 150 °C) did not give

such a[1 + 4]-cycloadduct of tibinidene 3 but resulted in amost
quantitative recovery of 1.° These results suggest that distibene 1
is not thermally dissociated into stibinidene 3 which should be
trapped as stibolene derivatives 4 if generated. Taking account of
the above-mentioned results, the formation of 4a,b as a main
product in the deselenation reaction of 2 can be reasonably
explained by the initia formation of a intermediary stibinidene 3
and the subsequent [1 + 4]-cycloaddition reaction of 3 with buta-
dienes. It should be noted that the formation of stibolenes 4a,b
here described is the first example of the intermolecular chemical
trapping of a stibinidene derivative.
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Since the stibinidene adducts 4a,b thus obtained are expected
to be good precursors of stibinidene 3, the isolated cycloadduct 4a
(22.3 mg, 0.03 mmol) was heated in the presence of 2,3-dimethyl-
1,3-butadiene (34 pL, 10 equiv) in toluene-dg (120 °C for 20 h, in
a sedled tube) to give the diene-exchanged adduct 4b in 74%
yield. Thermolysis of 4a in the absence of such atrapping reagent
resulted in the formation of distibene 1 in 55% yield, suggesting
the dimerization of theinitially formed stibinidene intermediate 3.
Also, thermolysis of 4b in toluene-ds in the presence of an excess
amount of isoprene (120 °C for 23 hand then 130 °C for 12 h,ina
sealed tube) afforded the corresponding diene-exchanged product
4ain 78% yield. These results indicate that the stibinidene 3 was
re-generated by the thermal retrocycloaddition of stibolenes 4a,b.
The formation of distibene 1 by the thermolysis of 4a in the ab-
sence of excess dienes is reasonably interpreted in terms of the
irreversible dimerization of the stibinidene intermediate 3 leading
to the formation of extremely stable Sb=Sb double-bond species
from the equilibrated mixture of stibolene 4a and 3.

120°C 130°C
Tbt—S@\ < [ Tht—Sb: ] I Tbt—s@(
4a >\_// 3 >\_/< ab

Scheme 2.

Previous studies on phosphinidenes and arsinidenes, i.e., the
lighter congeners of stibinidenes, have shown that they readily
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undergo coordination towards some transition metals to give sta-
ble terminal pnictogenidene complexes.’® These reports prompted
us to examine the thermodynamic stabilization of stibinidene 3 by
the complexation with a transition metal. However, thermal reac-
tions of the stibinidene precursors 4a (at 100 °C for 20 h) and 4b
(at 120 °C for 18 h) with W(CO)s-thf in THF in a sealed tube
afforded no expected terminal stibinidene complex 6 but the cor-
responding n'-tungsten complexes 5alt and 5b® in 75 and 65%
yields, respectively.
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Scheme 3.

The molecular structure of complex 5a was determined
unambiguoudly by X-ray crystallographic analysis (Figure 1),
which is the first structural analysis of the compound having sti-
bolene framework. Of particular note among the structural fea-
tures of 5a is the quite small C(28)-Sb—C(31) angle [83.3(5)°],
which might promote the elimination of isoprene via thermal
retrocycloaddition to give terminal stibinidene complex 6. The
other bond lengths and angles are not significantly different from
those of reported stibine-tungsten complexes,'® except for the
large C(1)-Sb—W angle [130.2(2)°] which might be caused by
steric repulsion between the extremely bulky Tbt group and
W(CO)5; moiety.

Figure 1. ORTEP drawing of 5a with thermal ellipsoids (50% probability).
Selected bond distances (A) and bond angles (°): Sb=W 2.7908(6), Sb—C(1)
2.177(7), Sb-C(28) 2.139(10), Sb-C(30) 2.149(9), W-C(33) 2.012(10),
W-C(34) 2.034(10), W-C(35) 2.000(10), W-C(36) 2.048(12), W-C(37)
1.985(8), W-Sb-C(1) 130.2(2), W-Sb-C(28) 109.2(3), W-Sb-C(31)
106.4(3), C(28)-Sb-C(31) 83.3(5), Sb-W-C(33) 91.2(2), Sb-W-C(34)
84.4(2), Sb-W-C(35) 87.1(3), Sb-W—-C(36) 99.8(2), Sb-W-C(37) 172.1(3) .

In expectation of trapping the terminal stibinidene complex
6, thermolysis of complex 5a was carried out in the presence of
an excess amount of 2,3-dimethyl-1,3-butadiene (130 °C for 5 h,
toluene-dg, in a sealed tube) to give atungsten complex 5b (58%)
together with the demetallated stibolene 4b (42%). Formation of
the diene-exchanged product 5b implies the generation of an
expected complex 6, but the formation of 4b suggests another
complicated pathway, that is, the initial eimination of W(CO)s
moiety from 5a prior to the diene-exchange reaction via interme-
diary stibinidene 3 as mentioned above. Then, a part of 4b thus
generated may undergo recombination with W(CO); moiety to
give5b.

Further investigation on the chemistry of low-coordinated
species of heavier group 15 elementsis currently in progress.
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