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The isolation of a rare and highly unstable silicon(II) dihalide using N-heterocyclic carbene (NHC) proved
to be a landmark achievement in the field of silicon chemistry. The first stable NHC stabilized halosilylene
was isolated and structurally characterized in 2009. Subsequently the study of NHC stabilized halosilyle-
nes over the past nine years has opened-up a new dimension in the field of organosilicon chemistry. NHC
stabilized halosilylene compounds have been extensively used as starting materials for the synthesis of
rare organosilicon compounds like small ring systems with high ring-strain energy containing silicon
(silaoxirane), C4-silyl substituted NHC, Si-Si multiple bond, molecule with rare Si-M bond (M = main
group or transition metals), dichlorosilamines (Si=N), silaisontriles, trisilaallenes (silicon analogue of
allene) etc. These studies clearly demonstrated the potential applications of NHC stabilized halosilylenes
in various fields of organosilicon chemistry. The present review summarizes the progress and scope of
NHC-halosilylene chemistry. In particular, an overview of synthetic strategies, spectral properties, key
structural features and available bonding analysis are discussed.
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1. Introduction

Highly reactive low valent silicon species are rare and such type
of molecules are in high demand for the technological develop-
ment. At this juncture, low-valent silicon chemistry has witnessed
arenaissance area of research, experiencing continuous diversifica-
tion. For example, two decades ago silylene was thought to be
unstable at room temperature; however, today silylenes are “bot-
tleable”. Numerous properties and characteristics of silylene have
been measured and calculated (Chart 1). Silylenes are molecules
that have a divalent neutral silicon(Il) atom having lone pair of
electrons (R,Si:). Silylenes are key intermediates in various photo-
chemical, thermal, and metal reduction reactions of organosilicon
compounds [1]. Silylenes and its derivatives are generally highly
reactive and were observed only in the gas-phase, in diluted solu-
tions, and in frozen rare-gas matrices at low temperatures [2-4].
However, most of the silylenes are extremely unstable, decom-
poses or polymerizes rapidly above 77 K or reacts rapidly with sol-
vents [5,6]. The realm of silylene chemistry has been expanded
dramatically, and the investigation of reactivity of NHC stabilized
silylene has had a profound influence in advancing modern inor-
ganic chemistry.

The analogues of silylenes viz., carbenes, stannylenes and
germylenes are well-known ‘di-coordinate divalent’ species [7-
9]. With the advent in the field of carbene chemistry, in 1991,
Arduengo and co-workers reported the synthesis and isolation of
the first room-temperature stable crystalline carbene, imidazol-
2-ylidene 1 (E=C, R=1-adamantyl) [10]. Since this benchmark
discovery, the chemistry of stable carbenes began its journey
through a new way of developing the metallylenes to a large figure,
and nowadays they are routinely used in synthesis, catalysis, and
to stabilize unusual molecules [11-16]. More recently, stannylenes
and germylenes were synthesized and characterized [7-9]. The
preparation of these surprising compounds left silicon as the only
element of group 14 with no di-coordinate divalent compound
stable under ambient temperature. In fact, the isolation of related
silicon compound is one of the most challenging task in organosil-
icon chemistry. Specific electronic and steric requirements are
essential to stabilize these elusive and often ephemeral species.
This situation has been changed when West et al. reported the first
N-heterocyclic silylene that is stable at room temperature using N-
donor ligand in 1994 [17], which is comparable to the NHC [10].
Since then, stable silylenes have emerged as versatile building
blocks for the synthesis of novel organosilicon compounds.

Among silylenes, halosilylenes were generated in the gas phase
through thermolysis reactions and recognized with the aid of trap-
ping reactions [18-20] or detected spectroscopically as transient
species [21]. Compared to monochlorosilylene [22], the isolation
of dihalosilylenes are most challenging. Schmeisser [23] and
Schenk [24] studied the condensation of dichlorosilylene to poly-
meric (SiCly), at room temperature. Occasionally halosilylenes
exist as intermediates in condensed phases [25]. Since the first
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report of the stable divalent silicon species, Cp,Si: (Cp = MesCs, sil-
icocene), by Jutzi and co-workers [26-28], a remarkable class of
stable silylenes such as dialkyl silylene [29] and cyclic silylenes were
synthesized and characterized [17,30-32]. In 2009, the research
groups of Roesky [33] and Filippou [34a] showed that the NHC can
stabilize dihalosilylenes [NHC(SiX,)] (X=Cl, Br) to form stable
NHC:-SiX, complexes (Chart 1). The carbene center donates its
lone pair of electron and binds strongly with silicon in low
oxidation state [35]. As shown in the Chart 1, [Si(:)X,] species is elec-
tronically stabilized by NHC group and sterically protected by the
attached bulky group. However, under specific reaction conditions
the bond formed is facile enough to break for the use of free [Si(:)
X,] specious [36]. The thermal stability and the crystalline nature
of the NHC-dihalosilylene adduct depends on the NHC and silicon
halide used. Interestingly, [NHC(SiX3)] can act as electron donor to
transition metals and main group elements [37a]. In particular, the
Si(II) compounds [(Idipp)SiXz] (Idipp = 1,3-bis(2,6-diisopropylphe
nyl)imidazolin-2-ylidene) and Si(CI)R(IMey4) (IMe4 = 1,3,4,5-tetrame
thylimidazolin-2-ylidene) proved to be promising building blocks,
which enabled the synthesis of new classes of unsaturated silicon
compounds, including zwitterionic silylidene complexes, silylidyne
complexes, metallosilylenes, and metallosilanones [38]. Besides,
the chemistry of other low valent silicon NHC adducts, such as Si,
[39] silanones [40] and [Si(Cl)R] [41] are under developing stage.
In the singlet ground state, silylenes are divalent neutral silicon
species with the lone pair of electrons as the HOMO and a vacant p
orbital as the LUMO. Hence, depending on the substituents these
molecules can behave as Lewis acids as well as Lewis bases
(Chart 2). The silicon-carbon bond in [NHC(SiX;)] considered to
be a strong C — Si donor-acceptor single bond through donation
of the carbene carbon lone pair into the vacant silicon p orbital
of SiX; [34,35]. Therefore the Si-C bond is shorter than that of
the silylene-carbene adduct [L”SiCL")] (Si-C =2.162(5) A; L” = 1,2-
(NCH,tBu),CeHy4) [37Db], but longer than the Si=C bonds of the
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Chart 2. Bonding picture in NHC stabilized halosilylenes.
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Chart 1. NHC stabilized halosilylenes.
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