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Building up Strain in One Step: Synthesis of an Edge-Fused Double
Silacyclobutene from an Extensively Trichlorosilylated Butadiene

Dianion
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Wolfram Lerner, Stefan Grimme, and Matthias Wagner*

In memory of Professor Suning Wang

Abstract: The exhaustive trichlorosilylation of hexachloro-1,3-
butadiene was achieved in one step by using a mixture of Si,Cly
and [nBu,N|Cl (7:2 equiv) as the silylation reagent. The
corresponding butadiene dianion salt [nBu,N|,[1] was isolated
in 36 % yield after recrystallization. The negative charges of
[1P~ are mainly delocalized across its two carbanionic
(CL:Si),C termini (a-effect of silicon) such that the central
bond possesses largely C=C double-bond character. Upon
treatment with 4 equiv of HCL, [1]*~ is converted into neutral
1,2,3,4-tetrakis(trichlorosilyl)but-2-ene, 3. The CI~ acceptor
AICl;, induces a twofold ring-closure reaction of [1J*~ to form
a six-membered bicycle 4 in which two silacyclobutene rings
are fused along a shared C=C double bond (84 % ). Compound
4, which was structurally characterized by X-ray crystallo-
graphy, undergoes partial ring opening to a monocyclic
silacyclobutene 2 in the presence of HCI, but is thermally
stable up to at least 180°C.

Introduction

Functionalized m-electron systems are cornerstones of
organic synthesis. However, the field is still dominated by
simple halogenated derivatives, whereas compounds carrying
more sophisticated, value-added functional groups are far less
abundant. Two important classes of particularly versatile
substituents are boronic acid esters (—B(OR),) and silyl
groups (—SiR;; R =halogeno, organyl, alkoxy). Correspond-
ing derivatives serve as easy-to-handle precursors of various
other functionalized species and indispensable reactants in
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metal-mediated C—C coupling reactions (Suzuki- and Hiya-
ma-type protocols)."?) The Lewis-acidic nature of boronic
acid esters (imparted by their partially vacant boron p,
orbitals) and organosilanes (imparted by their Si—R o*
orbitals) is the key asset for these transformations, which
proceed via four-coordinate borate and five- or six-coordinate
silicate intermediates. Also the Matteson homologation®! of
R'—B(OR), species and the Peterson olefination of silylated
carbanions [R’,C—SiR;]™ depend on the electrophilicity of the
heteroatom groups, which is, moreover, the reason why
borylated or silylated alkyl carbon atoms can readily be
deboronated or desilylated (as well as deprotonated) to
generate synthetically useful carbanions.

To date, several universally applicable protocols for the
synthesis of borylated aromatic hydrocarbons have been
developed.”! Among the most powerful ones are Ir-catalyzed
C—H-activation/borylation sequences using bis(pinacolato)-
diboron (B,pin,) as the boron source.” Access to mono- and
1,2-diborylalkenes is also granted through the hydroboration
and diboration” of alkynes, respectively. In stark contrast,
routes to multiply borylated alkenes and gem-diboronates!®
are far less well established: It took until this year for the
efficient synthesis of 1,1,2-(Bpin);-alkenes through a Cu-
catalyzed triboration of terminal alkynes to be reported, as
done by Marder and co-workers.”)

Our group recently discovered that treatment of tetra-
chloromethane (CCl,) or tetrachloroethene (C,Cl;) with
Si,Cls in the presence of substoichiometric amounts of
[nBu,N]Cl affords the mono- or dianion [A] or [B]* in
excellent yields (Scheme 1).'%! Proceeding from [A]™ and
[B]>~, various other multiply trichlorosilylated compounds
HA-F are available."”! Compared to the common SiMe;
substituent, the SiCl; group offers two important advantages:
1) It is the stronger Lewis acid and better st-acceptor, and thus
more prone to form hypercoordinate adducts and stabilize
carbanions in a-position. This pronounced a-effect explains
why we obtained the carbanions [A]” and [B]*~ as primary
reaction products. 2) Si—Cl bonds can be derivatized further
to tailor the properties of the silyl group and to prepare novel
organosilanes, organohydrosilanes, and (oligo)siloxanes.

As a drawback, the conventional synthesis of organo-
trichlorosilanes from SiCl, and organolithium or Grignard
reagents suffers from a limited product selectivity and often
furnishes mixtures of compounds R,SiCl,_, (n > 1). Our novel
silylation strategy, based on the Si,Cl/Cl™ system, faithfully
introduces exclusively SiCl; moieties and consequently is
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Scheme 1. The monoanion [A]” and dianion [B]*
multiply trichlorosilylated compounds HA-F.

give access to the

a promising problem-solving approach—provided the sub-
strate scope can be significantly expanded. Herein, we
describe the exhaustive trichlorosilylation of hexachloro-1,3-
butadiene (C,Cl,, HCBD), which affords the corresponding
dianion [1]*~ in one step with good yields (Scheme 2). We
subsequently succeeded in the conversion of [1]*~ to the
neutral 1,2,3,4-tetrakis(trichlorosilyl)but-2-ene 3 and to the
six-membered bicycle 4 in which two silacyclobutene rings are
fused along a shared C=C double bond. Compound 4 was
isolated and fully characterized despite its ring strain (the
neat carbonaceous analogue A'#-bicyclo[2.2.0]hexene poly-
merizes within seconds already at low temperatures!'!l).
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Scheme 2. Synthesis of [nBu,N],[1] through a one-step reaction of
hexachloro-1,3-butadiene (C,Clg) with Si,Cls/[nBu,N]Cl.

Results and Discussion

The actual reactive species generated from a mixture of
Si,Cly and [#Bu,N]Cl in CH,Cl, is the chimeric [SiCl;]”
ion,"¥ which can react with electron-poor perhalogenated
alkenes in three principal ways:'”* 1) A single electron is
transferred from the anion to the organic substrate. 2) [SiCl;]~
reacts as a silanide nucleophile and attacks either the carbon
atoms or the chloro substituents of the organic substrate

www.angewandte.org © 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

Research Articles

dte

Chemie

Internatic

R—Cl. In the latter case, the resulting carbanion [R]~ would
have to react again with the byproduct SiCl, (or residual
Si,Clg) to establish a C—SiCl; bond. 3) [SiCl;]™ loses a Cl~
ligand and liberates the silylene [SiCl,], which inserts into
a R—Cl bond. Finally coming back to the contrasting
juxtaposition of Bpin and SiCl; substituents, we emphasize
that the liberation of [SiCl;]~ through the Cl -induced
heterolytic cleavage of Si,Clg is equivalent to the generation
of transient [Bpin]|™ nucleophiles via the alkoxide-mediated
B—B-bond heterolysis of B,pin,.[""!

Like tetrachloroethylene (C,Cl,), hexachloro-1,3-buta-
diene (C,Clg) reacts with the Si,Cly/[nBu,N]Cl system
(7:2 equiv) in one pot to furnish a dianion salt ([nBu,N],[1];
Scheme 2). This first key compound was isolated in 36 % yield
after recrystallization from warm CH,Cl,. The formation of
the exhaustively trichlorosilylated [1]*~ is remarkable given
that C,Cly is inert toward common acids and non-nucleophilic
bases and therefore widely used as a solvent in chlorination
reactions.'®!

In a similar manner as in the case of the successful double
C-protonation of the ethylene dianion [B]*~, which led to the
corresponding ethane H,B,'"! we next attempted to synthesize
the hexakis(trichlorosilyl)but-2-ene H,1 by treating [nBu,N],-
[1] with 2 equiv of trifluoromethanesulfonic acid (HOTY).
Surprisingly, the open-chain target compound H,1 was not
obtained. The reaction rather afforded the silacyclobutene 2
in 92 % yield (Scheme 3). Even though 2 contains only one H
atom, the quantitative conversion of [1]*~ to 2 nevertheless
requires the addition of a second equiv of HOTT. If a smaller
amount of the acid was used (approximately 1.8 equiv), the
reaction solution still contained a well-defined second species
together with the final product 2; 1 equiv of HOTY transforms
[1]>~ exclusively to this other species—obviously a reaction
intermediate. According to NMR spectroscopy (‘H, *C{'H},
¥Si), the intermediate possesses C, symmetry, a partly
unsaturated four-carbon backbone, four kinds of magnetically
non-equivalent SiCl; substituents, and a hydrogen atom.
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Scheme 3. Synthesis of 2 and 3 via the reaction of [1]*~ with HOTf or
ethereal HCI; synthesis of 4 through the reaction of [1]>~ with AICl;;
i) n-hexane, room temperature; ii) CH,Cl,, room temperature;

i) CD,Cl,, room temperature.
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Altogether, this points toward a monoprotonated com-
pound [H1]~. Since several isomers are conceivable for [H1]™,
a definite structural assignment has to await an X-ray crystal
structure analysis, even though quantum-chemical calcula-
tions provide some further indications: An internally proto-
nated open-chain isomer can be excluded in terms of the
relative Gibbs free energy (32.4 kcalmol * higher than that of
the most favorable considered isomer). The same is true for
a cyclic isomer by a calculated ?Si NMR chemical shift of
—107.7 ppm for the endocyclic silicon atom that is not
observed in the experiment (see the Supporting Information
for more details).[”] It is, moreover, safe to state that the
second equivalent of HOTY is required as a Cl -abstracting
reagent and that the concomitant liberation of HCI drives the
cyclization reaction. We confirmed in separate experiments
that 2 behaves inert towards ethereal HCI, but is selectively
transformed back to [H1]™ upon the addition of 1 equiv of
[nBu,N]CL

A different product emerged upon treatment of [nBu,N],-
[1] with ethereal HCL. The cleanest conversion was achieved
by using 4 equiv of the acid, which generated the tetrakis(tri-
chlorosilyl)but-2-ene 3 via a double C-protonation and
twofold protodesilylation (Scheme 3; yield: 44 % after work-
up).™® Compound 3 also formed quantitatively from 2,
3 equiv of ethereal HCI, and 1 equiv of [#Bu,N]CI (which is
not consumed, but acts as a catalyst). These results underscore
the prime importance of the choice of acids with either non-
nucleophilic (TfO™) or nucleophilic (C17) counter anions for
the reaction outcome.!"”!

Similar to the proton, the Lewis acid AICl; can, in
principle, interact both with the carbanion centers!™” and Cl
atoms of [1]>".! Since CI~ abstraction would produce the
stable and weakly coordinating [AlCl,]” anion, no accompa-
nying desilylation should occur. Indeed, a quantitative two-
fold cyclization reaction took place when [nBu,N],[1] was
combined with 2 equiv of AICI;. The resulting product 4
(yield: 84%) consists of two silacyclobutene rings fused at
their C=C double bonds and thus experiences considerable
ring strain (Scheme 3). As a consequence, the formation of 4
is reversible and [1]*~ can be recovered through mere addition
of 2 equiv of [nBu,N]Cl, whereas HCI induces the opening of
only one of the four-membered rings to afford 2.

The reaction of [1]*~ with only 1 equiv of AICI; is also
highly selective: in situ NMR spectroscopy pointed toward
the formation of a silacyclobutene [5]” with a carbanionic
sidechain (Scheme 4). It is thus apparent that the cyclization
of [1]*" can be induced not only through protonation, but also
by providing a Cl -abstracting reagent. To further support our
structural proposal for [5]”, we added 1 equiv of CI~ ions to
the reaction mixture, whereupon the starting material [1]*~
was fully regenerated. Quantitative conversions of [5] also
occurred in the presence of HOTT (1 equiv) or AICI; (1 equiv)
and furnished the neutral silacyclobutenes 2 or 4, respectively
(Scheme 4). The anion [5]" is thus the likely intermediate on
the way from [1]*" to 4 in the presence of 2 equiv of AlCl,.

Despite their strained molecular frameworks, 2 and 4 are
thermally stable up to at least 150 and 180 °C, respectively. At
these temperatures, endothermic events with no accompany-
ing mass losses are apparent from DTA/TG measurements.

Angew. Chem. Int. Ed. 2020, 59, 1618116187
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Scheme 4. Formation of [5]” as the key intermediate in the reaction
from [1]*" to 4 via CI” abstraction with AICl;; transformation of [5]" to
the neutral compound 2 via protonation with HOTT; reaction condi-
tions: CD,Cl,, room temperature.

The underlying phase transitions are reversible and do not
correspond to melting of the sample, as confirmed by X-ray
powder diffractometry (see the Supporting Information for
more details). Significant decomposition of 2 and 4 with
overall mass losses of 54 % and 68 % sets in at 7=230°C (2)
and 260°C (4).

Differences and similarities in the molecular structures of
[1]*, 3, and [B]*" provide useful information to assess the
degree of m-delocalization in [1]*~ (Figure 1). Unfortunately,
the dianion of [nBu,N],[1] is located on a center of inversion
in the crystal lattice and the two central C atoms are
disordered over two positions. The problem was solved by
changing the counter cation to [Ph,P]": in [Ph,P],[1], [1]*" still
possesses inversion symmetry, but now the internal C atoms
are fully ordered with C—C bond lengths of 1.501(2) A
(terminal) and 1.353(2) A (internal). The first value is even
larger than the typical length of an isolated C(sp?)—C(sp?)
single bond (1.47 A), the second falls in the usual range of
C=C double bonds (1.34 A).”! Moreover, the planes spanned

©
Si2
si
C2 ©
(o
Si1
(¥

3 4

Figure 1. Molecular structures of [Ph,P],[1], 2*, 3, and 4 in the solid
state. [Ph,P]" ions are omitted for clarity; compound 2 crystallizes with
two crystallographically independent molecules, 2* and 2%, in the
asymmetric unit.
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by the C, chain on the one hand and each Si,C terminus on the
other are mutually orthogonal (84.6(2)°). The C(1)-Si(1)/
Si(2) bonds possess lengths of 1.774(1)/1.777(1) A, similar to
those in the ethylene dianion [B]>~,'”! but remarkably shorter
than the C(2)-Si(3) bond of [1]*~ (1.882(1) A). Thus, the
degree of m-delocalization is significantly large between the
planar carbanionic centers and their attached SiCl; substitu-
ents, but small along the carbon backbone of [1]*~. This
conclusion gains further support from the solid-state structure
of the C;-symmetric trans-but-2-ene 3, which features a central
C(2)=C(2A) double bond (1.35(1) A) and internal C(2)—Si(2)
bonds (1.881(6) A) of comparable lengths as [1]>~ (Figure 1).

By comparing 2 and 4, we will next discuss the impact of
the edge-fused additional four-membered ring on the silacy-
clobutene scaffold (Figure 1). Compound 2 crystallizes with
two independent molecules, 2* and 2%, in the asymmetric unit.
Given that all key structural parameters of the two molecules
are identical within the experimental error margins, only 2*
will be considered here. The molecule shows endocyclic bond
lengths of Si(3)—C(1)/(C(3)=1.922(9)/1.847(9) A and C(2)—
C(3)=1.36(1) A, as well as a C(1)-Si(3)-C(3) bond angle of
78.4(4)°. The double silacyclobutene 4 possesses an inversion-
symmetric, planar molecular framework with endocyclic bond
lengths that do not vary appreciably from those of 2* [4:
Si(3)—C(1)/(C(2A) =1.943(1)/1.841(2) A, C(2)-C(2A) =
1.366(3) A; Figure 1). Conversely, however, the bond angle
C(1)-C(2)-Si(3A) =159.3(1)° in the six-membered bicycle is
greatly expanded compared to the analogous angles C(1)-
C(2)-Si(4) =126.9(6)° and C(4)-C(3)-Si(3) =140.2(7)° in the
single silacyclobutene 2*. Thus, 4 suffers from additional ring
strain, as is also indicated by our previous observations that 4
undergoes rapid ring opening in the presence of ethereal HCI,
whereas the cyclic structure of 2 remains intact under these
conditions. To further assess ring strain effects, we performed
calculations on hypohomodesmotic bicyclization reactions as
suggested by Wheeler et al.’? (Scheme 5). A smaller reaction
enthalpy, and thus reduced ring-strain energy (SE), upon
inclusion of silicon atoms into the bicycle (SE=AHy=
52.6 kcalmol ') is observed compared to the carbonaceous
compound A'“-bicyclo[2.2.0]lhexene (AHy = 84.6 kcalmol ',
in good agreement with the literature!''!). The results indicate
a mitigating effect on the ring strain by including the larger
and more flexibly binding silicon into the bicycle. This is in
good accordance with prior works on silacarbocycles by
Gordon et al. and Inagaki et al.*!

H\C/H (";2 H
\

- \ﬁ/ ~ AHR = 84.6 kcalmol™' H\?—ﬁ,—cle2
\C/C\C/ —2CyHg H,C—C—C—y
Hy |\H H

H
H\ HoH, H
O L-Si 1 H :
ﬁ AHg = 52.6 kcalmol™" \?—ﬁ—?le
\Si/C\C/ —ZCZHG sti_C_C\H
Hy o 1Sy H

Scheme 5. Hypohomodesmotic cyclization reactions calculated using
the PBEO-D4/def2-QZVPP//PBE0-D4(COSMO (CH,Cl,))/def2-TZVP!
method.
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All NMR spectra, except those of [nBu,N],[1] (in
[Dg]THF), were recorded in CD,Cl,. The resonances of the
new compounds have been assigned by "“CHSQC,
BCHMBC, and *Si HMBC NMR spectra as well as by
comparison with the NMR spectra of compounds [B]*,
H,B, [HB], and C.'” The individual data are compiled in
Figure 2; for facility of inspection, the chemical shift values
have been rounded up to integer numbers. The 'H NMR
spectrum of [nBu,N],[1] shows exclusively the resonances of
the ammonium cation. The “C signals of the [1]*~ anion
appear at 159.7 ppm (internal C atoms; C: 178.4 ppm) and
50.2 ppm (terminal C atoms; [B]*: 39.9 ppm). Our assign-
ment of the #Si resonances of [1]*~ [-13.1 (terminal SiCls),
—15.8 ppm (internal SiCl;)] relies on the corresponding
integral values of approximately 2:1 (note that the *Si NMR
signals of the neutral ethylene C at —12.2 ppm and ethylene
dianion [B]*" at —15.5 ppm are also very similar to each
other).

It is also revealing to compare [1]*~ with its doubly
protonated and desilylated analogue 3, which represents
a clear-cut trans-but-2-ene with no carbon-based electron lone
pairs (Figure 2): The signal of the olefinic C atoms in 3
possesses a chemical shift value of §(**C) = 147.8 ppm and the
attached SiCl; substituents resonate at &(*Si)=—7.8 ppm,
which is still close to the corresponding values of [1]*~. For the
(CL,Si)CH, termini of 3, 'H, *C, and *Si NMR signals were
detected at 3.49, 36.4, and 4.1 ppm, respectively. The down-

D
—16 3,4

[5T”

Figure 2. Overview of the ">C (black) and *Si (blue) NMR chemical
shift values of the new C, compounds [1]>—[5]” in comparison with
the trichlorosilylated C, species [B]*", H,B, [HB]~, and C.
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field shift of the *’Si resonances upon going from [1]*" to 3
nicely reflects the removal of negative charge, which can no
longer be m-delocalized across the SiCl; groups (a-effect;!"
see [B]* vs. H,B: 0(¥Si)=—15.5 vs. 3.0/4.1 ppm!"”). The
presence of CH, moieties in 3 was confirmed by means of
a C{'H} DEPTI135 experiment and the corresponding
released SiCl; fragments reappeared as SiCl, in the reaction
mixture. The data acquired for [1]*~ provide no evidence of
extensive n-delocalization along the C, backbone or a signifi-
cant intramolecular o-donor/acceptor equilibrium between
the terminal carbanions and internal SiCl; substituents.

Among the silacyclobutenes, we will first consider the C,;-
symmetric bicyclic species 4. Compound 4 showed only the
13C resonance of its olefinic C atoms (175.6 ppm) whereas no
signal belonging to the aliphatic C atoms was detectable.
Using the SO-ZORA-PBEO(COSMO(CH,Cl,))/ZORA/
QZAP//PBE0-D4(COSMO(CH,Cl,))/def2-TZVP! method,
the corresponding chemical shifts are calculated to be 185.7
and 59.7 ppm, respectively. In contrast, both expected *Si
signals could be found and appeared at —2.3 (SiCls; higher
intensity) and —11.9 ppm (SiCl,; lower intensity). The corre-
sponding resonances of the monocyclic congener 2 emerge at
6("*C) =163.8/155.3 (olefinic C atoms) and 55.0 ppm (endo-
cyclic aliphatic C atom) as well as at 8(*Si)=—0.7 (2x
exocyclic SiCl;) and —10.6 (endocyclic SiCl,); we assign
a signal at 0(**Si) = —14.5 ppm to the third SiCl, substituent of
the silacyclobutene ring. The attached (Cl;Si),CH fragment
gives rise to 'H, C, and *’Si NMR signals at 4.00, 42.5, and
—2.0 ppm, respectively.”®! A 2’ Al NMR spectrum recorded on
the reaction mixture of [nBu,N],[1] and AICI; (1:1) in CD,Cl,
exclusively showed the prominent and sharp signal of the
[AICL,]™ anion at 103.8 ppm.['”! Four *C and four *Si NMR
resonances testify to the low symmetry of the organosilicon
product obtained (see [5]”; Scheme 4). Importantly, identical
signal sets were recorded on solutions containing equimolar
amounts of 4 and [nBu,N]Cl, which should give deprotonated
2 (=[5]; see the successful transformation of 4 to 2 with
ethereal HCI). The NMR data of [5]~ agree well with those of
[1]* and 2, the only exception being the signals for the
olefinic C atoms ([5]: 181.9, 134.0 ppm; 2: 163.8, 155.3 ppm;
Figure 2).

The ease with which the single and double silacyclobu-
tenes 2 and 4 are formed is remarkable. Still in 2006, the
authors of a comprehensive review article on silacyclobutenes
complained about the poor accessibility of these compounds:
“They can be prepared on a laboratory scale, but only with
a great effort and in comparably low yields by complicated
synthetic methods or by gas phase pyrolysis of suitable
precursors”.”’" Among the most popular synthesis routes are
[242] cycloadditions between alkynes and species containing
highly reactive Si=C double bonds,” such as silenes® or Ni-
stabilized 1-silapropadienes.’® Auner et al. prepared silacy-
clobutenes from Cl;Si—C(H)=CH, and rBuLi in the presence
of internal alkynes, RC=CR'.”*? The initially generated a-
lithio adduct CI;Si—C(H)Li—CH,/Bu nucleophilically adds to
the alkyne, and the resulting y-lithiated species undergoes an
intramolecular cyclization to form the four-membered ring
with elimination of LiCl. According to quantum-chemical
calculations, a silene intermediate is likely not involved in the
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overall scenario.’¥ The nucleophilic substitution reaction at
the SiCl; group in the last step of the reaction pathway
provides a plausible mechanistic model also for the formation
of 2 and 4 from [1]*". Moreover, Auner’s and our works
provide extremely rare protocols for the synthesis of 1,1-
dichlorosilacyclobutenes,***! which offer a multitude of
options for subsequent Si derivatization.*"3*3*' Appropri-
ately derivatized silacyclobutenes can be introduced into the
polymer main chains of polysilanes, carbosilanes, and silox-
anes by taking advantage of the functional groups at the Si
centers or by performing ring-opening polymerization reac-
tions; silacyclobutenes are also promising building blocks for
organic-inorganic optoelectronic materials.***¥1]

The six-membered bicyclic scaffold of 4 has little prece-
dence in the literature: A close relative G (Figure 3) stems
from Weidenbruch’s group and can be regarded as a sterically
protected, desilylated version of 4. Molecule G was prepared
from the photogenerated silylene [Si(rBu),] and the 1,3-diyne
tBuC=C—C=CrBu via the rearrangement of a bis(silirene)
intermediate.” Isomers G’ and G” have been assessed by
experimental and/or theoretical means.**! Compounds G”
also contain the structural motif of a disilacyclobutene—
a famous substance class derived from the cycloaddition of
disilenes with alkynes.[*! We finally note that all structures G—
G" represent isomers of disila(Dewar-benzene).

'Bu R R R. r R
Bu,Si—— RSi——r Si
L S | 1|
Si'Bu, —SiR Si
By R R R R R
G G G
Ph
CpZr—r—
ymwl [
Ph

H I

Figure 3. Known compounds G-I with six-membered bicyclic scaffolds.

The formal exchange of one Si(rBu), moiety in G by
a ZrCp, unit yields compounds of type H (Figure 3), which
have been employed by Takahashi etal. as precursors of
various silacyclobutenes.””! The actual synthesis of H was
achieved by intramolecular C—C coupling of bis-
(alkynyl)silanes with low-valent zirconocenes. Finally, the
hydrocarbon analogue I of 4 (Figure 3) has been described as
“one of the most reactive of the alkenes”;* the neat
compound polymerizes already at —23°C with a half-time
of <10 .1

Conclusion

To conclude, we have prepared the unique persilylated
butadiene dianion [1]*" in one step from inexpensive hexa-
chloro-1,3-butadiene and the Si,Clg/Cl™ silylation system.
Contrary to other butadiene dianions,*”! the carbon-based
lone pairs of electrons in [1]*~ are not stabilized through
metal-cation coordination, but mainly through the pro-

www.angewandte.org

An dte

Chemie

16185


http://www.angewandte.org

An dte

Chemie

GDCh

=7 Research Articles

Internatic

nounced a-effect of their SiCl; substituents. Under inert
conditions, [1]*" is stable over days in THF solution and
months in the solid state. Yet, it readily reacts with Brgnsted
(HOTY) and Lewis (AICI;) acids to furnish silacyclobutenes,
such as the edge-fused six-membered double silacyclobutene
4. Especially the rich follow-up chemistry of the strained C=C
double bond of the carbonaceous analogue I of 4, which
encompasses cycloadditions, carbometallations, skeletal rear-
rangements, and radical reactions,*! make us optimistic that
also compound 4 will shape up as a versatile platform of
further transformations in the future.™”
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