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Since the isolation of the first stable silene §=C<)! and Scheme 1
disilene ¢Si=Si<)? in 1981, several species with a double bond  By,Mesi, siMe®u,
between a silicon and a main group element, such 85=Pn— V4 + 12 Ma THF, RT
(Pn = N8, P# and A®) and >Si=Ch (Ch = S, have been /S'\ : 15 min
synthesized as stable compounds by taking advantage of kinetic L L
stabilization with bulky substituentsAs cumulative doubly bonded 1 BuMeSi —|@

compounds containing silicon atoms, several stable 1-silaallenes
(>SiE=C=C<)? and trisilaallene ¥ Si=Si=Si<)® have also been
prepared and isolated. In sharp contrast, doubly bonded compounds BuyMeSi SiMe’Bus
consisting of a silicon and group 13 elements have not been ®[Li(thf)4]
synthesized until recently due to the lack of an appropriate synthetic
approach. Meanwhile, we have recently reported 1,1-dilithiosilane
1 as an effective reagent for the synthesis of a variety of doubly 3 meworks (M= Ga, In) are not linear but are somewhat bent
bonded derivatives of heavier group 14 elements, such as disilenes,is, bending angles of 161.60(3) and 161.38(8spectively. The
(>Si=Si<), germasilene XSi=Ge=), and silastannene>Si= sum of the bond angles at Sil and Si4 ator?s: (341.26 and
Sn<).1011The successful preparation of these new doubly bonded 345 g6:3-- 324.39 and 328.87 reveal the pyramidal geometry
systems of heavier group 14 elements udipgompted us to extend  516und the two terminal silicon atoms in the-S1~-Si (M = Ga,

this method to the synthesis of new systems featuring double bonds,n) frameworks. In addition, the bending angles around Sil and
between a silicon and group 13 elements. In this contribution, we gi4 atoms 2 41.63 and 45.353: 53.17 and 58.63 indicate a
present the first isolation of stable 1,3-disila-2-gallata- and pighiy pronouncedransbent arrangement of substituents around
-indataallenicanions having thiegi-Ga--Si<]~or[> Sk-In--Si<]~ the Si=M and Si4=M double bonds (M= Ga, In) (Figure 3).
units, representing a novel allenic anion species of main group |hqeed, this was supported by a theoretical calculation for the model
elements consisting of two silicon atoms and a gallium or indium compound, [(MgSi),Si-GaSi(SiMey),]~ (47) performed at the

atom. ) o S _ B3LYP/6-31G(d) level. The two theoretically calculatec=8la
The reactions of bis(diert-butylmethylsilyl)dilithiosilanel® with

GaCk in dry THF at room temperature resulted in the immediate
formation of 1,1,3,3-tetrakis(dert-butylmethylsilyl)-1,3-disila-2-
gallataallenic anionX"), which was isolated in the form of lithium
salt in 94% vyield as dark red crystals (Schemé?Dark brown-

red crystals of the lithium salt of indium analogu& ) were also
obtained in 95% yield when Ing€lvas used, as shown in Scheme
113 Gallata- and -indataallenic anions, representing the first
examples of compounds with ar §i~-M-=Si<]~ unit (M = main
group element), are air- and moisture-sensitive, but thermally stable
with melting points of 153-155 °C for 2~+[Li(thf) 4] and 146~

148 °C for 3~+[Li(thf) 4] *.

The molecular structures d[Li(thf) 4]* and 3~[Li(thf) 4] "
determined by X-ray crystallographic analysis are shown in Figures
1 and 2, respectivelz:14 The lithium cation of bot2~ and3~ is
coordinated by four THF molecules. Consequently, the closest
distances between the lithium ion and a silicon aton2obr 3~
are greater than 6 A, showing no interactions between them. These
results indicate that allenic anio@s and3~ are free anion species Fioure 1. ORTEP drawing of2—[Li(thf) 4+ (30% thermal ellipsoids).
in the solid state. Both $tM (M = Ga, In) bond lengthsZ: Hgdrogen atoms and the cagtionic fr[ag(me)nAt] [Li((ﬁhf)are omitted forpclarity).
2.2828(9) and 2.2775(98: 2.4849(9) and 2.4792(9) A] in the  Selected bond lengths (A): GaBil= 2.2828(9), Gat Sid = 2.2775(9),
anion fragments are almost the same and about 9% shorter tharBil-Si2 = 2.3627(11), Sit+Si3 = 2.3621(11), Si4Si5 = 2.3615(11),
the typical Si-M single bonds in gallium and indium clusters, such f(la41_651|63: 623}586?(1;)2 Eel'igtzg gonGd irg!fss(g@)iﬁlzs'g_;
as Ga(SiBu)s [24532(9)-2.567(10) Al GadSI(SIMe)ls g1 sip - 118.13(1), Gatsit S < 112.1008), Gatsia Sio -
[2.401(1)-2.468(1) A]#* In;(SiBus)s [2.668(3)-2.685(3) AJ1%2  113.84(3), Si6-Sid—Si5 = 117.02(4). Dihedral angle (deg): SiBil—
and In(SiBus)s [2.615(1)-2.683(1) A]i6b The Sit-M1--Si4 Si3/Si5-Si4—Si6 = 82.9.
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Figure 2. ORTEP drawing o8~ -[Li(thf) 4]+ (major fragment, 30% thermal
ellipsoids). Hydrogen atoms and the cationic fragment [LigtHfare omitted
for clarity. Selected bond lengths (A): InBil = 2.4849(9), In+Si4 =
2.4792(9), SitSi2 = 2.3662(11), SitSi3 = 2.3801(14), Si4Si5 =
2.325(2), Si4-Si6 = 2.3761(17). Selected bond angles (deg): -Sil—
Si4 = 161.35(3), In+Si1—-Si2 = 103.85(4), Int+-Sil1—-Si3 = 110.43(4),
Si3—Sil1-Si2 = 110.11(5), In%+Si4—Si5 = 107.85(6), Int-Si4—Si6 =
113.03(5), Si6-Si4—Si5 = 107.99(7). Dihedral angle (deg): Si&il—
Si3/Si5-Si4—Si6 = 75.4.
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Figure 3. Thetransbent angles around the Si and M atoms{M5a, In)
in 27 and3~ (R = SiMeBuwy).

bond lengths (2.330 and 2.331 A) and the-®8a--Si bond angle
(161.66) for 4~ are in fairly good agreement with those experi-
mentally obtained fo@~.

These structural features 8f and3~ are reflected by thé®Si
NMR spectra. ThéSi NMR chemical shifts o~ and3~ in THF-
ds appeared as two signal2 25.7 and—79.9;3": 26.0 and
—77.6 ppm). The unusual upfield shifted signals for the Si atoms
attached to a gallium or indium atom can be explained in terms of
preferential localization of the negative charge on the terminal Si
atoms caused by the difference in the electronegativities of Si, Ga,

and In atoms. Indeed, the NPA (natural population analysis) charge (14)

distribution for 4= showed a large part of the negative charge
localizing on the two terminal silicon atoms(.736 and-0.729),
whereas the gallium atom has a positive char§6.627), which
implies that the allenic ¥ Si~-Ga=Si<]~ fragment is highly
polarized. Thus, the structures @ and 3~ might be better
described as allyl-type silyl anion resonance structueegll’ rather
than the formal ate-type anidh, as depicted in Chart 1.

As expected2™ is highly reactive toward electrophiles. The
reaction of 27+[Li(thf)4]* with Mel gave the corresponding
iodogallanes in almost quantitative yield (Scheme ¥)Thus, the
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regioselective addition of Mel t@~ reflects the polarity of the St
Ga double bond.

Supporting Information Available: Experimental procedures of
2-, 37, and5, calculated geometry fod~, table of crystallographic
data including atomic positional and thermal parameterg fgLi(thf) 4
and3~-[Li(thf) 4]+ (PDF/CIF). This material is available free of charge
via the Internet at http:/pubs.acs.org.
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