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The unique structures and reactivities of metallabicyclo[1.1.0]-
butanes containing heavy main group elements have been th
focus of experimental and theoretical studiesAs revealed by
the theoretical calculations, one of the most interesting features
of metallabicyclo[1.1.0]butanéas well as bicyclo[1.1.0]butantes
should be the existence of the bond-stretch isomers, which differ
primarily in the distance between the bridge head atoms. As shown
in Chart 1, the short-bond (SB) isomers are characterized by not
only the short-bridge bond distanag, (out also the small interflap
angle ¢) and the large RM—M angle @), while the long-bond
(LB) isomers have long, large¢, and small. The bridge bond
in an SB isomer is a normal beatbond, while the bond in an
LB isomer should be ascribed to an invertedbond with
significant singlet biradical character.

Although theoretical calculations have predicted that the LB
isomers are more stable than the SB isomers in 1,3-disilabicyclo-
[1.1.0]butane as well as tetrasilabicyclo[1.1.0]buté&ne, experi-
mental evidence for the LB isomers with the bridge-Si bond
has been reported so far. We wish herein to report the first
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Chart 1
Y /i R, R H\ /‘

Short-Bond Isomer {SB) Long-Bond Isomer (LB)
synthesis of a 1,3-disilabicyclo[1.1.0]butane derivative, which has
characteristics of the LB isomer.

Disilabicyclo[1.1.0]butanél was obtained by using a formal
double sila-Peterson reactfoof tetrakistert-butyldimethylsilyl)-
dilithiodisilane 28 (eq 1). Adamantanone (64 mg, 0.43 mmol) and

2 6THF (200 mg, 0.20 mmol), which was prepared by the reaction

of the corresponding tetrasilyldisilehwith lithium metal, was
placed in a Schlenk tube under vacuum, and dry benzene (10
mL) was introduced by distillation to the mixture. The mixture
was stirred overnight at room temperature to give a bright-yellow
solution; the complete conversion was confirmed'byNMR.
After quenching the mixture by excess M¢ClI, the solvent and
the resultingt-BuMe;SiOSiMe and lithium chloride were re-
moved. Purel was obtained by crystallization from hexane in
70.1% yield® The structure ofl was determined biH, *3C, and
29Si NMR, MS, and X-ray crystallograph:'* Compound1 is
oxygen- and moisture-sensitive, but thermally very stablaglts

at 175.2-177.3°C without decomposition.
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X-ray single-crystal analysis df has shown thal has the
crystallographical mirror plane which includes eight carbon atoms
of adamantane moieties and bisects the bridgeSsbond (Figure
1). Two three-membered &l rings are isosceles. The following
four important characteristics were found in the structurd..of
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Figure 1. Molecular structure of 1,3-disilabicyclo[1.1.0]butafhevith
selected bond lengths (A) and angles (deg):—Si*, 2.412(1); Sit+ B3 C 830y
C1, 1.919(2); Si+C2, 1.921(1); Si2Sil—Si1*, 118.76(2); Si+C1— © 2
Si1*, 77.90(9); C+Si1-Si1*, 51.05(4); Si+-C2-Sil1*, 77.78(9); C2 Figure 2. Schematic MO diagram for LB-and SB3 (HF/6-311-G-
Si1—Sil*, 51.11(5); plane(SitC1—Sil*)-plane (Sit-C2—Si1*), 141.1(1). (d,p)//B3LYP/6-311G(d,p)).
Table 1. Comparison of Structural Parameters and Chemical Shifts Chart 2
Observed forl with Those Calculated fo8? it Me.si Sive.
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disilabicyclobutane ring calculated at the GIAO/B3LYP/
o AE/ 6-311HG(2df,p)//B3LYP/6-311#G(d,p) level are very different

compound  r/A 0ldeg  ¢/deg Sk C, (kcal moltye between LB3 and SB3 (Table 1), the corresponding resonances
1 2.412(1) 118.76(2) 141.1(11104.2 +98.3 — for 1in benzeneds are well reproduced in LE: Without doubt,
LB-3(Cy) 2.448 106.93  141.48 —107.2 +105.6 0.0 compoundl is assigned to the LB isomer both in the solid state
SB3(C;) 2.201 152.14 126.74 —43.2 +50.8 +11.8 and in solution.Whereas the SB isomer of a tetrasilabicyclo[1.1.0]-

- — butane reported by Masamune et al. was found to show facile
aGeometries are optimized at the B3LYP/6-313(d,p) level.? The . _— o
d values forl are det?armined in benzemg- The 6 &/aﬁj)es for3 are ring-flipping at room temperaturd, showed no such flipping as

calculated at the GIAO/B3LYP/6-344G(2df,p)//B3LYP/6-31#G(d,p) ~ evidenced by*C NMR spectroscopy; seveiiC signals due to
level. ¢ Relative energy with ZPE correction. the adamantane carbons were observed even &£90

As shown in a schematic MO diagram in Figure 2, the frontier

which is considerably longer than the-S8i bonds of known orbitals of LB-3 are characterized by the relatively high-lying
disiliranes (2.272.33 A)22 (ii) The four-membered ring of is HOMO and the remarkably low-lying LUMO; at the HF/
folded with an interflap angleg) between two SC ring planes ~ 6-311G(d,p)//B3LYP/6-313-G(d,p) level, thes (SiSi) HOMO

of 141.1(1). (iii) The Si2—Si1—Sil* angle @) is 118.76(2), ando* (SISI) LUMO levels of LB-3 are —6.97 and+0.14 eV,

and bridgehead silicon atoms have inverted-tetrahedral configu-espectively, while those of SB-are —7.14 and+1.33 eV,
ration? (iv) 1 has an ideatisoic-etrasilane unit with the dihedral  réspectively. On the basis of this MO diagram, one may expect
angle Si2-Si1—Sil*—Si2* of 0.0". the absorption maximum df due to theo—o¢* transition should

To characterize the molecular structurelpive have performed appear in t_he_z visible region. Actually, disilabicyclo_butame
the ab initio MO calculatiorig at the B3LYP/6-313G(d,p) level showed a (jlstmc'g gbsgrpnon band at 420 rr6%00) assignable
for 2,2,4,4-tetramethyl-1,3-bis(trihydridosilyl)-1,3-disilabicyclo- fﬁ Tgr;’;;isgﬁnvsv'itt'ﬁ”t-heTgES'g%(t'i@#”;ngx?rﬂgsg?':z’ngfgg;gted
[1.1.0]butane §) as a model forl. The selected structural .
parameters are shown in Table 1 with thoseloSimilarly to tetrasilanes? Amadnm (€) 258 (300), 235 (3700) fo#'" and A/
the parent 1,3-disilabicyclobutafe3 was found to show two "M (€) ~210 (13000) forS.!¢ The red-shiftedr—o* transition
local minima with the characteristics of SB (&pand LB isomers bands ofl are taken as another indication of the long-bond nature
(LB-3); LB-3 is lower in energy by+11.8 kcal/mol and has a of 1 Further wo_rk_ls in progress on the reactivitylofaving the
longer central SiSi distance (2.448 A), a narrower SiSi—Si unique weak StSi o bond.
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