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Exhaustive desulfurization of overcrowded diaryl-substi-
tuted 1,2,3,4,5-tetrathiastannolanes having a 2,4,6-tris[bis(trime-
thylsilyl)methyl]lphenyl (Tbt) group on the tin atom resulted in
the formation of the corresponding kinetically stabilized diaryl-
stannylenes, the formation of which was confirmed by the char-
acteristic electronic absorptions attributable to the n-p transi-
tions of stannylene, and by the chemical trapping by 2,3-
dimethyl-1,3-butadiene.

Recently, much attention has been focused on the low-co-
ordinated compounds of heavier group 14 elements (Si, Ge, Sn,
and Pb) such as double-bond compounds and divalent species
(higher homologues of a carbene). Although the divalent
species of silicon and germanium (silylenes and germylenes)
have been well studied, the corresponding organotin compounds
(stannylenes) have been relatively less explored.l-4 Until now
a few stable stannylenes have been synthesized from stannous
chloride and organolithium reagents.24 We have also reported
the efficient synthesis of a stable diarylstannylene by the
dehalogenation of the corresponding dibromostannane with
lithium naphthalenide.>: 6

Tht Tbt Me3Si SiMes
M—X M: Me3Si SiMeg
R R
Me3zSi” "SiMeg

M = Si, Ge, Sn, Pb
X=8, Se (Tbt)

On the other hand, we previously reported the first
synthesis of silanethione,” germanethione,® germaneselone,?
stannanethione, 10 and stannaneselone,!0 which were kinetically
stabilized by taking advantage of efficient steric protection by
2,4,6-tris[bis(trimethylsilyl)methyl]pheny! (denoted as Tbt here-
after), by the reactions of the corresponding overcrowded
tetrachalcogenametallolanes with 3 equivalent phosphine
reagents. We now present a new method for the synthesis of
stable diarylstannylenes by the exhaustive desulfurization of
extremely hindered tetrathiastannolanes with 4 equivalent
phosphine reagents.

‘When trimethylphosphine (4 equiv.) was added to a hexane
solution of Tbt- and Tcp- (Tcp = 2,4,6-tricyclohexylphenyl)
substituted tetrathiastannolane 1a at room temperature, the re-
action mixture turned orange, suggesting the formation of stan-
nanethione, Tbt(Tcp)Sn=S. After stirring for 5 min at room
temperature, the solution turned deep blue. The UV-vis
spectrum of this solution exhibited an absorption maximum at
586 nm which is assignable to the n—p transition of diaryl-
stannylene, Tbt(Tcp)Sn: (2a). The formation of stannylene 2a
was also confirmed by the fact that the treatment of the deep
blue solution thus obtained with an excess amount of 2,3-
dimethyl-1,3-butadiene afforded the corresponding [4+1]cyclo-

adduct 3a in 12% yield. On the contrary, the reaction of Tbt-
and Tip- (Tip = 2.,4,6-triisopropylphenyl) substituted tetrathia-
germolane [Tbt(Tip)GeS4] with an excess amount of tri-
phenylphosphine gave hydroxymercaptogermane [Tbt(Tip)Ge-
(SH)OH].12  Its formation indicates that the germanethione
[Tbt(Tip)Ge=S] did not react with triphenylphosphine but
reacted with water during the workup procedure. The easier
desulfurization from the stannanethione than that from the
germanethione may result from the higher stability of the
divalent state for a tin atom and from the lower strength for a
tin—sulfur double bond.
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Similarly, Tbt- and Tpp- [Tpp = 2,4,6-tris(1-ethylpropyl)-
phenyl] substituted tetrathiastannolane 1b also gave the
corresponding stannylene 2b, which showed an absorption
maximum at 563 nm in hexane.!!

There have been many reports on the chemistry of silirenes
(silacyclopropenes), from which silylenes are generated by pho-
tolysis or thermolysis.!3 We have recently found that ger-
mirenes (germacyclopropenes) having bulky substituents on the
germanium atom are also useful precursors for stable
germylenes.!4 On the other hand, only one example of stan-
nirene (stannacyclopropene)!S has been known probably be-
cause this type of strained small-ring tin-compounds are ther-
modynamically unstable and sensitive to air and moisture. For
the generation of stannylenes, therefore, only few convenient
precursors have been available so far.!  Although stannylenes
are known to be generated by using lithium reagents,2-6 the
existence of impurities such as lithium halides and the basic
reaction conditions are their drawback. The present reaction is
worthy of note as a novel method for the generation of stan-
nylenes from stable and tractable precursors under neutral
conditions although the efficiency of generation of stannylenes
2 from 1, which was estimated by the yields of the
[4+1]cycloadducts 3, has not been optimized yet because of the
dimerization of intermediary stannanethiones during the
desulfurization reactions.!6
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As a result of our new findings on the generation of stable
stannylenes 2a and 2b, we can compare their electronic absorp-
tions with those of the previously reported Tbt-substituted stan-
nylenes 4 and 5.3 The most interesting point in the comparison
of overcrowded diarylstannylenes which are substituted with
‘one Tbt group and a variety of bulky aromatic substituents, is
the effect of a substituent on the n—p transition of stannylenes.

Table 1. Electronic absorptions of stannylenes
in hexane at room temperature

Stannylenes Amax/NM
Tbt(Mes)Sn: 4 5278
Tbt(Tip)Sn: 5 5612
Tbt(Tpp)Sn: 2b 563
Tbt(Tcp)Sn: 2a 586

4 See, Ref 3.

As can be seen in Table 1, the n-p transitions of stannylenes
are slightly red-shifted on increasing the bulkiness of the
aromatic substituents introduced on the tin atom together with a
Tbt group. This red-shift is interpreted most likely in terms of
the widening of the C-Sn-C angles as in the case of
silylenes!7:18 and germylenes.!® In other words, the red shifts
in these absorption maxima are diagnostic of the degree of steric
congestion in these systems; for example, it is concluded that
the combination of Tbt and Tcp groups is bulkier than that of
Tbt and Tpp groups.

This work was partially supported by a Grant-in Aid for
Scientific Research No0.05236102 from the Ministry of
Education, Science, and Culture, Japan. M. S. thanks Research
Fellowships of the Japan Society for the Promotion of Science
for Young Scientists. ~We are also grateful to Shin-etsu
Chemical Co., Ltd. and Tosoh Akzo Co., Ltd. for the generous
gift of chlorosilanes and alkyllithiums, respectively.

References

1 For reviews, see: a) W. P. Neumann, Chem. Rev., 91, 311
(1991); b) T. Tsumuraya, S. A. Batcheller, and S. Masa-
mune, Angew. Chem., Int. Ed. Engl., 30, 902 (1991).

2 For the first stable dialkylstannylene, see: M. Kira, R.
Yauchibara, R. Hirano, C. Kabuto, and H. Sakurai, J. Am.
Chem. Soc., 113, 7785 (1991).

3 We have recently reported the first stable stannanethione in
solution derived from a kinetically stabilized diarylstanny-
lene. N. Tokitoh, M. Saito, and R. Okazaki, J. Am. Chem.
Soc., 115, 2065 (1993).

10

11

12

13

14

15

16

17

18

19

Chemistry Letters 1996

a) For the X-ray structural analysis of bis[2,4,6-tris(trifluo-
romethyl)phenyl]stannylene stabilized by the intramolecular

coordination of fluorine atoms toward the central tin atom,
see: H. Griitzmacher, H. Pritzkow, and F. T. Edelmann,
Organometallics, 10, 23 (1991); b) Very recently, the first
X-ray structural analysis of bis(2,4,6-tri-z-butylphenyl)-
stannylene, a stable diarylstannylene without any intramole-
cular coordination by heteroatoms, has been reported. M.
Weidenbruch, J. Schlaefke, A. Schifer, K. Peters, H. G. v.
Schnering, and H. Marsmann, Angew. Chem., Int. Ed. Engl.,
33, 1846 (1994).

M. Saito, N. Tokitoh, and R. Okazaki, Organometallics, 14,
3620 (1995).

R2SnClp (R=Me, Et, -Bu) have been reported to react with
dilithium anthracenide to give intermediary stannylenes. L.
W. GroB, R. Moser, W. P. Neumann, and K. H. Scherping,
Tetrahedron Lett., 23, 635 (1982).

H. Suzuki, N. Tokitoh, S. Nagase, and R. Okazaki, J. Am.
Chen. Soc., 116, 11578 (1994).

N. Tokitoh, T. Matsumoto, K. Manmaru, and R. Okazaki, J.
Am. Chem. Soc., 115, 8855 (1993).

T. Matsumoto, N. Tokitoh, R. Okazaki, Angew. Chem., Int.
Ed. Engl., 33, 2316 (1994).

Y. Matsuhashi, N. Tokitoh, and R. Okazaki, Organometal-
lics, 12, 2573 (1993). Alternative synthesis of a stannane-
thione by the reaction of a stannylene with an episulfide,
see: Ref 3.

The reactions of 1a and 1b with tributylphosphine (4 equiv.)
gave similar results.

T. Matsumoto, N. Tokitoh, and R. Okazaki, unpublished
results.

For example, see: a) M. Ishikawa, K. Nishimura, H. Sugi-
sawa, and M. Kumada, J. Organomet. Chem., 194, 147
(1980); b) F. Hojo, S. Sekigawa, N. Nakayama, T. Shimizu,
and W. Ando, Organometallics, 12, 803 (1993).

N. Tokitoh, K. Kishikawa, T. Matsumoto, and R. Okazaki,

Chem. Lett., 1995, 827.

L. R. Sita and R. D. Bickerstaff, J. Am. Chem. Soc., 110,
5208 (1988). )

The reaction of Tbt(Tip)SnS4, less crowded than Tbt(R)-

SnS4 (R = Tcp, Tpp), with tributylphosphine in hexane gave
only 1,3-dithia-2,4-distannetanes (mixture of cis and trans
isomers) which resulted from dimerization of stannane-
thione, Tbt(Tip)Sn=S. The reaction of Tbt(Tip)SnS4 with

triphenylphosphine has also been reported. See, Ref 10.

M. J. Michalezyk, M. J. Fink, D. J. De Young, C. W.

Carlson, K. M. Welsh, R. West, and J. Michl, Rev. Silicon,

Germanium, Tin, Lead Compd., 9, 1,75 (1986).

Y. Apeloig and M. Karni, J. Chem. Soc., Chem. Commun.,

1985, 1048.

W. Ando, H. Itoh, and T. Tsumuraya, Organometallics, 8,
2759 (1989).



