JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by ISTANBUL TEKNIK UNIV

Communication

Synthesis and Structure of Pentaorganostannate
Having Five Carbon Substituents
Masaichi Saito, Sanae Imaizumi, Tomoyuki Tajima, Kazuya Ishimura, and Shigeru Nagase
J. Am. Chem. Soc., 2007, 129 (36), 10974-10975+ DOI: 10.1021/ja072478+ « Publication Date (Web): 17 August 2007
Downloaded from http://pubs.acs.org on March 19, 2009

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 2 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja072478%2B

JIAIC[S

COMMUNICATIONS

Published on Web 08/17/2007

Synthesis and Structure of Pentaorganostannate Having Five Carbon Substituents

Masaichi Saito,* Sanae Imaizumi,” Tomoyuki Tajima,’ Kazuya Ishimura,* and Shigeru Nagase*
Department of Chemistry, Graduate School of Science and Engineering, Saitamerdityj
Shimo-okubo, Sakura-ku, Sitama-city, Saitama, 338-8570 Japan, Department of Theoretical Molecular Science,
Institute for Molecular Science, Myodaiji, Okazaki, Aichi, 444-8585 Japan

Received April 9, 2007; E-mail: masaichi@chem.saitama-u.ac.jp

The transmetalation reaction is one of the most important Scheme 1 . Reaction of Spirobistannafluorene 3 with Methyllithium
methods for the creation of a metalarbon bond.Among various 0 -
types of transmetalation reactions, since the first report on the Q s

. . . e . . MeLi ~Me .+ workup UN
reaction of tetravinylstannane with phenyllithium to give vinyl- — Q g s O Me
c . L . THF/-78 °C
lithium,? the tin-lithium exchangereaction has been of great O
importance for the synthesis of particular organolithium reagents
that are difficult or ineffective to prepare by the lithium-halogen 3 4 5
exchange reactiohConsequently, the tin-lithium exchange reaction
is now widely applied for the synthesis of organolithium compounds
which play important roles in organic chemistry. Although the
mte_rmedlates of_th(_e transmetallation reactions on th_e tln_atom were characteristi&)(Sn—C) coupling constant (394 Hz) due to a-SB
believed to be lithium pentaorganostannates bearing five carbon

bstituent id d by low-t ture NMR ¢ bond. A single resonance due to tirearbon on the aromatic ring
sghs |tule£1 S das eV'h en_c$ f y tow- empre] ra urte hspe_ct rosf(t)ﬁywas observed at 156.82 ppm with a large coupling constant of 369
(Chart 1)? and mechanistic features such as stereochemistry a eHz, suggesting a rapid pseudorotationdogéven at 213 K2 The

1J(Sn—C(Ar)) coupling constant (369 Hz) is larger than the

bearing five carbon substituents on the tin atom at low temperature
(—300 to —270 ppm) In the 13C NMR spectrum, a signal
assignable to the SrMe carbon was observed a2.98 ppm with

Chart 1. _Pentaorganostannates 1 and -Silicates 2 Having Five

Carbon Substituents 1J(Sn—C) found in MeSn (340 Hz)® and smaller than the
@ - 1J(Sn—C(Ar)) of PheSnMe (511 Hz)* appearing as the average
1 - of 1J(Sn—C(apical)) andtJ(Sn—C(equatorial)). Thus, the apical
R— hﬂ\R‘ M O \Me M* bond is concluded to have a considerable s character.
13 R O Remarkably, lithium stannatéd was stable even at room
O temperature in an argon atmosphere, as evidenced by the remaining

1 2 upfield resonance as the sole signal in #&n NMR spectrum,
and could be isolated by recrystallization from DME in 63% yi€ld,

tin atom have been well demonstrafedo structural detail of & 546,91 an attempt to isolate stannatas an ammonium salt in
stable lithium pentaorganostannate bearing five carbon substltuentsair failed to give5 in 88% vyield, as was observed in the normal

on the tin atom has so far appeared. On the other hand, Manyiransmetallation reactions on the tin atéhThe structure oft was

pentacoordinated organotin compognds containing elgctronegativeﬁna”y established by X-ray crystallographic analysis (Figuré’1).
ligands have been already synthesized and characterized by X-rayry, |ithiym cation is coordinated with three DME molecules and
crystallographic analysfsVery recently, stable pentaorganosilicates is completely separated from the anionic moiety with the distance
bearing five carbon substituents on the silicon atom have beenof about 6.8 A. The stannate moiety has a distorted trigonal
characte_rlzed by X-ray crystallographic analysisd the unique bipyramidal structure, as do other pentacoordinated organotin
electronic structure contrary to the three-centered four-electron compoundsgs8 The methyl group of is situated in an equatorial
model has been discussed (Chart @e report herein the synthesis ) qirion while the other carbon atoms bonded to the tin atom are
of the. first stable "th“ﬂm pentaorgano.stan.nate bea.rlng five carpon situated in equatorial and apical positions, similar to the structures
substituents on the tin atom, a genuine intermediate of the tin ¢ o reported silicon analogu& The bond angle around the
lithium exchange reaction, by the reaction of spirostannabifluorene tin atom along the apical axis is 168 3leviating from 180 of
with methyllithium and its X-ray structural characterization. The the ideal trigonal bipyramidal structure and smaller than tha in
unique structure of the lithium pentaorganostannate is also discussec{174 93(9%> and 177.41(F).82 The sum of the bond angles around
by the aid of theoretical calculations. o the tin atom is 360and hence the tin atom has ar? ggometry.
Reaction of spirostannabifluoreB& with methyllithium in THF The apical bond length is 2.268(7) A, longer than those of the
at ,_7,8 °C gave a yellow solution, suggesting th? formatlon of equatorial bonds (2.186(1) and 2.196(5) A) which are slightly longer
anionic species. ThHE°Sn NMR spectrum of the solution witheDg than the normal tircarbon bonds (2.14 A),reflecting the
for NMR lock revealed only one signal at253.0 ppm at 213 K, nenalent state of the central tin atom. The equatoriaCSbonds
remarkably shifted upfield compared to that of the starting material, that are shorter than the apicaFsS bonds in2 are also longer
3 (~67.4 ppm in CDG). Thi? upfield resonance of th&*Sn _than the corresponding standard single bdids.
nucleus could be_ reasonably mt_erpreteq n terms_ of ,th? formation To get more insight into the structure4ftheoretical calculations
of a pentacoordinated orgalnotm Species, tha_t |sﬁéglghlum PeNta- ere carried out. Geometrical optimization was carried out with
organostannaté (Scheme 1}; as was observed in té&Sn NMR density functional theory at the B3LYP le¥&lsing the Gaussian
spectra of the reported intermediary lithium pentaorganostannate )5 progran?® The LANL2DZ basis set augmented by a d
 Saitama University. polarization function (d exponent 0.186) was used foPSmhile
*Institute for Molecular Science. the 6-31G(d) basis set was used for C anéf Fihe anion moiety
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Figure 1. ORTEP drawmg ofl-3DME with thermal ellipsoids plots (30%
probability for non-hydrogen atoms). The minor part of the disordered
moieties and all hydrogen atoms were omitted for clarity.

Scheme 2. Relative Engergy of Pseudorotomers

Q ‘\\Me :f

4(0.0) 6(122)

Table 1. Calculated and Observed Bond Lengths (A) and Angles
(deg) of 4

Sn—C(Me) 2.188 2.186(1) C(Me)-SrC(eq) 118.6 119.15(13)
SnC(ax) 2.274 2.268(7) C(eq)-SiC(eq) 122.0 121.7(3)
SnC(eq) 2.192 2.196(5) C(ax)-StC(ax) 171.6 168.4(3)

of lithium stannatel was fully optimized and the calculated structure
was consistent with that found in the X-ray structural analysis
(Scheme 2 and Table 1). The calculated length of the apical tin

carbon bond is 2.274 A, longer than those of the equatorial bonds
(2.188 and 2.192 A). Contrary to the apical bond in the three-

centered four-electron model, the apical bond bés a considerable
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