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a  b  s  t  r  a  c  t

The  chemistry  of  hexacoordinate  silicon  complexes  containing  one  or more  pyridine-like  ligands  is
reviewed.  Pyridine-containing  ligands  are  excellent  ligands  for  stabilizing  hexacoordinate  silicon  com-
plexes,  and  over  100  hexacoordinate  silicon  complexes  containing  at least  one  pyridine-like  ligand  have
been  deposited  with  the  Cambridge  Structural  Database.  This  review  focuses  on advances  since  2000
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1. Introduction

Pyridine-containing ligands are prevalent throughout the field
of coordination chemistry. This review will focus on the chem-
istry and emerging applications of hexacoordinate silicon with
one or more pyridine-containing ligands (Fig. 1). These ligands
are particularly significant for a number of reasons. (1) Mul-
tidentate pyridine-containing ligands are particularly good at
stabilizing hexacoordinate silicon compounds, and a wide vari-
ety of complexes have been isolated and structurally characterized
(Tables 1–3). (2) Despite the hydrolytic susceptibility of the Si N
bond in tetrahedral silicon complexes, some of these complexes
are quite resistant to hydrolysis and are even stable in aqueous
solutions. (3) The non-innocence of pyridine-containing ligands
provides opportunities to explore the ligand-localized redox activ-
ity of these complexes. (4) The complexes can act as d-electron free
analogs of ubiquitous transition metal coordination complexes in
applications where MLCT bands are not needed or are undesired.
Much of the early (pre-2000) coordination chemistry of hexaco-
ordinate silicon complexes with pyridyl-containing ligands has
been extensively reviewed in a number of comprehensive reviews,
and several more recent reviews have covered other significant
areas of hexacoordinate silicon chemistry [1–10]. This compre-
hensive review covers the literature since 2000 on the subject of
hexacoordinate silicon with pyridine-containing ligands and dis-
cusses possible future directions in the field. It also includes data
and references on all of the structurally characterized hexaco-
ordinate silicon complexes with one or more pyridine-containing
ligands that have been deposited with the Cambridge Structural
Database. The review is structured according to ligand type start-
ing with monodentate pyridine and substituted pyridines along
with bidentate 2-substituted pyridines. The next section reviews
complexes with quinoline-type ligands. Finally, complexes with
polypyridine ligands (2,2-bipyridine, phenanthroline, and terpyri-
dine) are reviewed.

2. Pyridine-type ligands

2.1. Complexes with pyridine

Silicon tetrahalides are very Lewis acidic and readily form
adducts through direct combination with pyridine. A search of

Fig. 1. Types of pyridine-containing ligands observed in hexacoordinate silicon
complexes.

the CSD database produced crystal structures of 43 hexaco-
ordinate silicon complexes containing at least one monodentate
pyridine or substituted pyridine ligand (Table 1). For unsub-
stituted pyridine the range of Si N bond lengths is quite
small, 1.93–2.02 Å, with the shortest bond length reported for
trans-tetrafluorobis(pyridine)silicon [11] and the longest bond in
the pentafluoro(pyridine)silicate anion [12]. Significantly, all of
the di-substituted complexes exist solely in the trans orienta-
tion. However, several tetra-substituted complexes demonstrate
the ability of the silicon center to accommodate pyridine
ligands separated by only 90◦. The greater basicity of the 4-
dimethylaminopyridine ligand (DMAP) is apparent in the shorter
Si N bond lengths (1.90–1.92), which is just outside the range
of all other hexacoordinate pyridine-silicon complexes. The
DMAP ligand was  also shown to coordinate to the electrophilic
silicon center of [PhBPPh

3]RuH(�3−H2SiRR′) (R,R′ = Ph, Me or
Ph, Ph) to form the corresponding hexacoordinate complexes
[PhBPPh

3]Ru(�−H)3SiRR′(DMAP) [13].
The reactivity of hexacoordinate pyridine complexes

has inspired a few potential applications. Besgubenko and
coworkers explored the possibility of using trans-dichloro-
tetrakis(DMAP)silicon dichloride as an alternative to carbodiimides
as a dehydrating agent for amide bond formation, but found it
inferior to the analogous N-methylimidazole complex due to the
latter’s greater hydrolytic stability [14]. Likewise, Churakov and
coworkers demonstrated Si(pyridine)2F4 along with other SiF4
adducts as a potential precursor for fluorosilatranes [15,16].

Goldvaser has explored the reversible complexation of triflu-
orosilanes with pyridines for potential molecular self-assembly
[17–19]. They report NMR  evidence of complexation at low
temperatures for phenyltrifluorosilane with pyridine and 4-
methoxypyridine to form the hexacoordinate species. Com-
plexation with pyridine and 4-methoxypyridine was  observed
at room temperature with the more electron deficient triflu-
oro(pentafluorophenyl)silane. Extensive multinuclear evidence
indicates exclusive formation of the trans-pyridine isomers.

Pyridine ligands have also been used as axial ligands in silicon
porphyrins and phthalocyanines. Cissell and coworkers synthe-
sized two silicon(IV) tetraphenylporphyrins, Si(TPP)(pyridine)2
and Si(TPP)Cl2 [20,21]. Similar chemistry also afforded the phthalo-
cyanine analog, Si(pc)(pyridine)2 from Si(pc)Cl2 [22]. As seen in
Fig. 2, the TTP ligand in Si(TTP)Cl2 possesses a fully oxidized −2
oxidation state (18 electrons), while the TTP ligand in the pyridine
coordinated analog possesses a −4 oxidation state (20 electrons).
The latter is synthesized by reducing Si(TPP)Cl2 with 2 equiv. of
Na/Hg in THF followed by precipitation and then dissolution in pyri-
dine. Si(TPP)Cl2 has a fluorescence yield of 2.7% and a lifetime of
1.8 ns, while the reduced pyridine analog has a fluorescence yield
≤0.04% and a lifetime of 2.4 ps. The significantly shortened lifetime
was attributed to the ruffled structure adopted by the antiaromatic
20 electron porphyrin system and the introduction of low-energy
singlet states lying below the emissive state (Q-state).

2.2. Complexes with pyridine-2-thiolate

The ambidentate pyridine-2-thiolato (PyS) ligand has been
used to obtain a range of stable, hexacoordinate silicon complexes
(Table 1). The reaction of 2 equiv. of 2-mercaptopyridine and
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