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ABSTRACT
The field of stable silylene research has grown dramatically since
the first isolation of a stable silylene in 1994. Prior to 1994, silylenes
existed only as reactive intermediates, isolable only in low-
temperature matrixes. Since then, several stable silylenes have been
synthesized, some in fact showing remarkable thermal stability.
This Account highlights the developments in stable silylene chem-
istry, including theoretical and experimental studies attempting to
explain the remarkable stability of the silylenes as well as the rapidly
expanding reaction chemistry of the stable silylenes.

Introduction
Silylenes are divalent, dicoordinate silicon species. As
reaction intermediates, the silylenes are even more im-
portant in silicon chemistry than their counterparts, the
carbenes, are in organic chemistry.1 Like carbenes, most
silylenes are intensely reactive. During the 1980s several
organosilylenes were isolated and studied in argon or
hydrocarbon matrixes, at temperatures of 77 K or below;2

above this temperature they react rapidly with themselves
or with solvents. It is safe to say that no one thought that
silylenes could be stable at room temperature.

The situation changed in 1991, when Arduengo and co-
workers at the du Pont Co. reported the isolation of the
first stable carbene, 1.3 This remarkable discovery left
silicon as the only element in periodic group 14 with no
stable dicoordinate compound,4 since stable germylenes
(R2Ge) and stannylenes (R2Sn) had long been known.5

Shortly afterward, Michael Denk came to Wisconsin and
undertook the synthesis of 2, the silicon analogue to 1.
The successful isolation of 2 completed for the silylenes

a classic progression, from transient intermediate to
matrix-isolated molecule to stable compound.6 Silylene 2
is a colorless crystalline substance, with truly astounding
thermal stability. Not only is 2 indefinitely persistent at
room temperature, but it also survived unchanged after
heating to 150 °C in toluene for 4 months. Solid 2 finally
decomposes at its melting point, 220 °C.6

Compound 1 and many similar stable carbenes have
been extensively studied since 1991, and a great deal is
now known about their reactions and behavior.7 The
chemistry of stable silylenes, the subject of this Account,
is in a much earlier state of development. The preparation
of 2 was followed by the synthesis of its saturated
analogue, 3, also at Wisconsin,8 the preparation of the
benzo-fused silylenes 4a and 4b by the Lappert-Gehrhus
team,9 and the isolation of the pyrido-fused analogue 5
by Heinicke and co-workers.10 All of these molecules are
stabilized by two nitrogen atoms bonded to the divalent
silicon. Most recently, Kira and co-workers have isolated
a silylene, 6, with no such nitrogen stabilization.11 Of these
known isolable silylenes, 2, 4a,b, and 5 are indefinitely
stable, but 3 and 6 are only marginally stable.12

Syntheses
The preparation of a precursor to 2 was straightforward,
as shown in Scheme 1. Reaction of glyoxal with tert-
butylamine yielded diimine 7, which was reduced with
lithium metal to the lithiated diamine 8. The latter reacted
with silicon tetrachloride to give the dichloro compound
9, bringing us to the difficult step in the synthesis. Many
gentle reduction conditions were employed, all producing
mixtures which proved impossible to separate. After
several frustrating months, in desperation, we heated 9
with liquid potassium metal in refluxing THF. Under these
vigorous conditions, 9 was converted to 2 in 80% yield.6

The reaction should be carefully monitored to avoid
overreduction, and air and moisture must be strictly
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excluded. Silylene 2 can be purified by distillation at 90
°C (1 Torr).

Synthesis of 3 proceeds according to Scheme 2. N,N′-
Di-tert-butylethylenediamine, formed from the treatment
of dibromoethane with excess quantities of tert-butyl-
amine, is treated with triethylamine (TEA) and silicon
tetrachloride, yielding dichloride 10. Various reducing
conditions have been employed to convert 10 (or its
dibromo analogue) to 3, but good results are obtained
with Na/K alloy at 10 °C.13 It is again important to follow
the course of the reaction to prevent overreduction.

The syntheses of 4a,b9 and 5,10 outlined in Scheme 3,
are similar: dilithiation of the corresponding diamine,
condensation with SiCl4 to yield the dichlorides, followed
by reaction with potassium in refluxing THF, a final step
which has become somewhat standard for those stable
silylenes which can withstand these conditions.

Spectroscopy, Structure, and Bonding
Structures have been determined by gas-phase electron
diffraction for 2,6 and by X-ray crystallography for 38 and
4a.9 Structural diagrams for 2 and 3 are shown in Figure
1, and significant molecular parameters for the three
compounds are given in Table 1.

The bond distances and angles within the five-
membered rings are quite similar in 2 and 4a. The five-
membered rings in 2 and 4a are planar, but the ring in 3
is necessarily puckered. As expected, the N-C distances
within the ring are shorter in 2 and 4a than in 3, by about
10 pm. The Si-N bond lengths are similar to normal Si-N
single bond distances, ∼172-174 pm. However, bonds to

divalent silicon are predicted to be longer, by about 8 pm,
than bonds to tetravalent Si.14 The bond lengths in the
silylenes are therefore consistent with some multiple bond
character in the Si-N bonds.

The NMR spectra, and especially the 29Si resonance,
are of obvious interest. The isotropic silicon atom reso-
nance appears at low field, as shown in the data in Table
2.

Scheme 1

Scheme 2

Scheme 3

FIGURE 1. Structural diagrams for silylenes 2 and 3.
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For silylenes 2, 3, and 4a, the shielding tensors were
determined by slow-spinning CPMAS NMR.15 Only one
component of the tensor is deshielded, very strongly,
resulting in the downfield shift in solution. DFT calcula-
tions established that the deshielded axis is the one in the
ring plane, perpendicular to the lone pair orbital (Figure
2). A magnetic field along this axis mixes the lone pair
with the vacant p orbital, leading to a very large para-
magnetic effect.

The properties of silylenes 2-6 raise fascinating ques-
tions in chemical bonding theory. Why is 2 so stable, and
why is it so much more inert than 3? Steric hindrance may
play a part in the stabilization, but is unlikely to be a major
factor, except for silylene 6. Inspection of models for 2-5
indicates that the silicon atom is not strongly protected
sterically in any of these molecules. Undoubtedly, π-elec-
tron donation from the nitrogen lone pairs into the vacant
p orbital on silicon is a strong stabilizing factor in these
silylenes, as illustrated for 2 in the resonance structures
2a and 2b. Greater electron donation from nitrogen would
be expected for 3 than for 2 and 4a, since the nitrogen
atoms in 3 are more basic, and indeed the Si-N distance
in 3 is shorter than in 2 and 4a (Table 1).

What then accounts for the much greater stability of 2
than 3? In 2, and likewise in 4a,b and 5, but not in the
saturated molecule 3, stabilization may be gained by
aromatic delocalization over the 6-π-electron ring (see

structure 2c). The extent and importance of such aroma-
ticity in 2, and in the stable carbenes such as 1,7 has been
a matter of considerable controversy.

Several kinds of experimental evidence might bear on
the question of aromatic delocalization. One simple test
is the 1H NMR chemical shift of the ring C-H protons. In
2, these lie about 0.75 ppm downfield from the resonances
of protons in model compounds, such as the dichloro
precursor 9 or the dihydro analogue 11.6 This shift is
consistent with a moderate diamagnetic ring current in
2, resulting from aromatic delocalization.

The photoelectron spectra for 2 may also shed light on
the question of delocalization. Data for 2, 3, and 11, the
dihydride corresponding to 2, are shown in Figure 3.16

Comparison of the orbitals for 2 and 11 is instructive. Both
compounds have an analogous ring orbital with 1a2

symmetry. The silicon can make no contribution to either
orbital, and the two orbitals lie at almost identical ener-
gies. The HOMO for both molecules is also a ring orbital,
of 2b2 symmetry, and here the silicon p-orbital can
contribute in 2 but not in 11. The result is to increase the
energy of this orbital in 2 by almost 0.5 eV, compared to
11. This result is consistent with Si-N π-bonding, and
with cyclic delocalization. Similar experiments, with analo-
gous results, have been obtained for 4a.17 However, the
photoelectron results have also been interpreted in terms
of a localized model, without delocalization.18

Recently, core excitation spectra have been determined
for the C, Si, and Ge molecules analogous to 2, as well as
their corresponding dihydrides. The results strongly in-
dicate N-Si π-bonding, and are also consistent with cyclic,
aromatic delocalization.19 Also, Raman spectra have been
recorded for 2 and related molecules containing tetra-
coordinate silicon, such as 9. Raman lines for the CdC
stretching mode, near 1600 cm-1 in the tetravalent mol-
ecules, are shifted by 60 cm-1 to lower energy in 2, and
are strongly enhanced in intensity.20 These results also
suggest aromatic delocalization in 2.

Several groups have carried out ab initio molecular
orbital calculations to examine the nature of chemical
bonding in 2. Particularly useful are the results of Heine-
mann and co-workers,21 who studied the isodesmic reac-
tion:

For (H2N)2Si, with the nitrogen lone pairs held perpen-
dicular to the silicon p orbital, the reaction is exothermic
by -5.6 kcal mol-1. Twisting the nitrogen lone pairs so
that they are parallel to the Si p orbital provides 36 kcal
mol-1 of stabilization, attributed to Si-N π-bonding. This
amount is half as great as that for the similar change in
the analogous carbenes, as expected since Si-N π-bond-
ing should be much weaker than C-N.

Introduction of a bridging sCH2sCH2s group, to give
silylene 3, stabilizes the molecule by an additional 9 kcal
mol-1, perhaps due to electrostatic effects. Now, substitut-
ing the saturated bridge by a sCHdCHs group, to give
2, further stabilizes the molecule by 12 kcal mol-1. This

Table 1. Bond Distances (pm) and Angles (deg) in
Stable Silylenes

silylene rN-Si rN-C rC-C angle N-Si-N

2 175.3 140.0 134.7 90.5
3 171.9 148.9 152.1 92.0
4a 174.7 138.0 141.7 88.2

175.2 138.5

Table 2. Observed Chemical Shift Tensors for
Silylenes

silylene δ11 δ22 δ33 δiso

2 284.9 -16.1 -43.3 75.2
3 350.7 -2.1 -4.5 114.7
4a 316.4 21.1 -60.0 92.5

FIGURE 2.

R2Si: + SiH4 f R2SiH2 + H2Si:
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stabilization of 2 compared to 3 is reasonably assigned
to aromatic delocalization. The corresponding value for
the isostructural carbenes is 29 kcal mol-1, indicating that
aromatic delocalization is significantly greater in 1 than
in 2.

Another semiquantitative estimate of aromatic de-
localization can be provided by nucleus-independent
chemical shift (NICS) calculations.15 These were carried
out for 2, 3, and 4a, and for the known aromatic molecules
benzene and thiophene, placing the ghost atom 2.0 Å
above the ring centroid to avoid anisotropic effects. These
NICS calculations gave values of -5.3 ppm for benzene
and -4.7 ppm for thiophene, reflecting the substantial ring
currents in these molecules. For 2 and 4a, the values were
-2.7 ppm, consistent with a ring current about half as
large as in benzene.

Thus, the consensus at present is that there is
some aromatic delocalization in silylenes 2 and 4a, albeit
much less than in 1 and conventional aromatic com-
pounds.

Chemical Reactions
I. With Main Group Elements. The stable silylene 4a
undergoes facile reactions with chalcogens to form the

corresponding spirocyclic dimers (eq 1).22

Although silylene 2 shows results completely analogous
with those obtained for selenium, its reaction with sulfur
and oxygen is more complicated.23 Reaction of 2 with
exactly 1 equiv of elemental sulfur affords 12 (Scheme 4).
Using variable-temperature 29SiNMR, a short-lived inter-
mediate with a chemical shift of +122.7 ppm can be
detected at -78 °C, most likely the silanethione. This
intermediate can then dimerize to form the product, a
mechanism which is also possible for the chalcogen
reactions with 4a mentioned earlier.

Interestingly, combining 2 with a slight excess of sulfur
results in the further reaction of 12 to form 13, with
simultaneous release of dimiine, 7. With a large excesses
of sulfur, a mixture of SiS2 oligomeric products is formed.

FIGURE 3. Schematic representations and vertical ionization energies of MOs of 2 and 11.

Scheme 4
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This series of reactions reveals the high lability of the
enediamine ligand on the silicon in 2 in comparison to
the less labile ligand in 4a.

Silylene 2 reacts with oxygen in a similar fashion,
though this reaction is too vigorous to allow the isolation
of appreciable amounts of products other than SiO2 and
the liberated diimine, 7.23

When mixed with elemental white phosphorus in a
solution of THF, 2 appeared not to react. However, this
combination afforded a marked color change in the
solution from the initial pale yellow to a deep orange-red
color accompanied by the formation of a glassy, insoluble
red substance. Apparently, the silylene simply catalyzed
the conversion of white phosphorus to its more stable
allotropic form, red phosphorus.23

Silylene 2 undergoes a reversible reaction with tris-
(pentafluorophenyl)borane to form a Lewis acid-base
adduct in a solution of toluene, 14. Although this complex
can be isolated and stored at room temperature, it slowly
transforms into a silylborane, 15, over a period of weeks
(eq 2).24

II. With Divalent Group 14 Compounds.25 The reaction
of silylene 4a with a diarylstannylene (or an aminoaryl-
stannylene) resulted in the isolation of novel silastanyl-
lenes (eq 3).26 An intermediate compound containing a
tin-silicon double bond, 16, was proposed. 16 could
rearrange to the more stable silylstannylenes by either an
aryl or amino migration from tin to silicon.

The ability of silylene 3 to insert into M-N bonds27 has
been a crucial step in a series of remarkable reactions that
have produced novel digermenes and disilenes with
unusually long M-M bond lengths. The reaction of the
silyene 3 with the analogous germylene leads not to the
germasilene but to the formation of the novel digermene
17 (eq 4).28 The silylene inserts into the Ge-N bond to
generate an aminosilylgermylene which can then dimerize
to a digermene. The length of the germanium-germa-
nium bond changes with the N-substituent on the ger-
mylene.

A similar reaction was found to occur with silylene 3
by itself in concentrated solution or in the solid state (eq
5).29 Upon concentration of a solution of 3, the silylene
inserts into a Si-N bond to form an aminosilylsilylene
which can now dimerize to generate a disilene, 18. Again,
the resulting disilene has an exceptionally long Si-Si bond
length for a disilene. Surprisingly, the observed reaction
is reversiblesin solution 3 is almost exclusively present,
while in the solid state the equilibrium favors 18.

Lappert and co-workers were able to synthesize a
carbene-silylene adduct by reacting 4a with stable car-
bene 19 (eq 6).30 The crystal structure of 20 showed a C-Si
bond length of 216.2(5) pm, much longer than for a typical
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silene, and DFT calculations support the dipolar nature
of the C-Si bond. Under the same conditions, 2 was found
not to react with carbene 19.

III. With Organic Substrates. Like transient silylenes,
stable silylenes insert into the C-I bond of organic iodides.
For example, 2,23 3,13 4a,9 and 611 all react with iodo-
methane to afford the corresponding iodomethylsilane.
Surprisingly, stable silylenes do not insert into all carbon-
halogen bonds. As a case in point, silylene 2 shows no
reaction with 1-chlorohexane, even at elevated tempera-
tures, although it does react with carbon tetrachloride to
afford a mixture of products.31

Stable silylenes all react with alcohols via an expected
insertion into the O-H bond to afford the corresponding
alkoxyhydrosilane.9,11,13,23 Similarly, silylene 2 inserts into
the O-H bond of water to initially give silanol 21, which
eventually self-condenses to give the disiloxane, 22
(eq 7).23 Silylene 3 undergoes an identical transforma-
tion.13

Reactions of stable silylenes with ketones and imine
functionalities have thus far been explored primarily for
silylene 4a. Reaction of this silylene with ketones such as
benzophenone, 3,3-dimethylbutan-2-one, and 2-adaman-
tan-2-one afforded four-membered disilaoxetane com-
pounds 23a, b, and c in high yields (eq 8).32 The mecha-
nism for this transformation most likely occurs via a [2 +

1] cycloaddition to form an ephemeral oxasilacyclopro-
pane intermediate, a transformation common for transient
silylenes, which further reacts with a second silylene to
give the final product.33

A departure from this trend occurs when the reaction
conditions are altered; when a solution of 4a is slowly
added to the refluxing benzene solution, a different
product is observed, resulting from an intramolecular
rearrangement of the initially formed oxasilacyclopropane
followed by a second silylene insertion. 4a also reacts with
imines to give 1:1 or 2:1 adducts, depending on the imine
used and on the reaction conditions.34

Not surprisingly, reactions of silylenes 2 and 4a with
heterodienes such as 1,4-diaza- or 1,4-dioxanes yielded
the corresponding 1,4-diaza- or 1,4-dioxasilacyclopentenes
(eq 9).

Similarly, the stable silylenes undergo [1 + 4] cyclo-
additions with dienes. For example, silylenes 3 and 6 react
with 2,3-dimethylbutadiene to form the expected sila-
cyclopentene product. Although silylene 2 undergoes a
similar transformation with trans,trans-1,4-diphenyl-
butadiene to afford the corresponding spiro compound
(eq 9), the reaction between 2 and 2,3-dimethyl-1,3-
butadiene is more complicated, leading to a highly cross-
linked butadiene polymer. The silylene is recovered
unreacted. This transformation represents a marked dif-
ference in the reactivity of 2 and the saturated analogue,
3 as well as other stable silylenes. Preliminary results show
that silylene 2 also polymerizes alkenes such as styrene,
but does not react at all with isobutene. Further inves-
tigations of these polymerization reactions are under-
way.

Silylene 2 also differs from other stable silylenes in its
reactivity with alkynes. Although silylene 2 does not react
with alkynes such as bis(trimethylsilyl)acetylene or di-
phenylacetylene, 6 reacts with the latter to form the
anticipated silacyclopropene.11 Silylene 4a reacts with
phenyltrimethylsilylacetylene to form the disilacyclo-
butene,24, a reaction which likely proceeded through a
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silacyclopropene intermediate followed by insertion of a
second silylene (eq 10).35

Further, the stable silylene 2 is unreactive toward even
excess quantities of nitriles, even at elevated temper-
atures, though again this behavior is not general for all
stable silylenes. For example, treatment of 4a with tBuCN
yields a disilaazetine product (eq 11), the formation of
which is thought to proceed via a mechanism similar to
that discussed for the reaction of 4a with acetylene (i.e.,
via a three-membered ring intermediate that under-

goes an additional insertion of another silylene mol-
ecule).35

A more general transformation of the stable silylenes
appears to be their reaction with the more reactive
isonitrile functional groups. Silylene 2 reacts with iso-
nitriles to afford the corresponding silanitrile, 25 (eq 12).31

According to IR studies, the silanitrile (2182 cm-1) is in
equilibrium with small amounts of the silaisonitrile (2075
cm-1), a discovery consistent with previous findings for
silanitriles.36 This interconversion is fast on the NMR time
scale.

Silylene 4a also reacts with ButNC to give the corre-
sponding silanitrile as the major product.35 However, this
reaction afforded two different products, depending on
the reaction conditions (eq 13). The mechanism could
proceed either by initial silylene insertion into the C-N
single bond, followed by isomerization to the more
thermodynamically stable silanitrile, or via rearrangement
of a silaketene intermediate.37

Stable silylenes react readily with substituted azides to
give varying products. Reaction of 2 with the very hindered
azide Ph3CN3 resulted in the clean formation of sila-
ketimine, 26, stabilized by a THF molecule coordinated

Stable Silylenes Haaf et al.
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to the silicon (eq 14).38 This reaction provides a novel route
to doubly bonded Si compounds.

However, reactions of 2 and 4a with less hindered
azides are more complex. Combining 2 with trimethylsilyl
azide affords the isolated azidosilane product, 27,38 and
with 1-adamantyl azide, the silatriazoline, 28.8 Silylene 4a
undergoes an analogous transformation.35 These products
may all have resulted from the initial formation of a
silanimine followed by further insertion or cycloaddition
reactions (eq 15).

An interesting reaction takes place between 4a and the
even more recently synthesized 1,3,5-triphosphabenzene
(eq 16).39 This combination affords the orange compound,
29, a [1 + 4] cycloaddition product. No further reaction
of 4a with 29 took place, and the reaction did not appear
to be reversible.

IV. With Metals. A. Alkali Metals. Silylene 3 reacts with
alkali metals to generate a silyl anion, as evidenced by
the isolation and characterization of trapping products (eq
17).13 The reaction of 3 with sodium potassium alloy leads
to the formation of a dimer dianion 30, which can be

trapped by electrophiles in high yield. Reduction of
silylene 2 leads to decomposition.

B. Transition Metals. The synthesis and structure of
Ni(2)2(CO)2,40 published in 1994, were remarkable in that
unlike previously synthesized metal coordinated-transient
silylene complexes,41 Ni(2)2(CO)2 was a metal complex of
a stable silylene, and introduced the concept that stable
silylenes might resemble phosphines as transition metal
ligands. Since then, many more metal complexes of stable
silylenes have been synthesized, and the incorporation of
stable silylenes as ligands for transition metals is becoming
an active area of research. Raman, IR, and NMR studies
on these complexes indicate that the stable silylenes, like
phosphines, are excellent σ-donors and exhibit only very
weak π-back-bonding ability.

Cr, Mo, W. Reaction of the group 6 transition metal
hexacarbonyls with silylenes 2 and 3 under photolytic
conditions generates metal silylene complexes of the
generic formula M(CO)x(silylene)6-x (eq 18).31 The silylene
ligands are rather bulky and tend to occupy the least
sterically crowded spot. For octahedral complexes, trans-
disubstitution is the only geometry observed so far (e.g.,

Stable Silylenes Haaf et al.

VOL. 33, NO. 10, 2000 / ACCOUNTS OF CHEMICAL RESEARCH 711



Cr(2)2(CO)4, Mo(2)2(CO)4, W(2)2(CO)4, and W(3)2(CO)4),
although there is evidence of monosubstitution as a minor
product. Cis-substituted octahedral complexes are not
observed, presumably due to steric constraints.

A trigonal molybdenum-silylene complex, Cp2Mo(2),
has also been synthesized by reacting Mo(Cp)2(PEt3) with
2.42

Ni, Pd, Pt. Ni(2)2(CO)2 was generated by mixing Ni(CO)4

with unsaturated silylene (eq 19).40 No evidence for the
formation of mono-, tri-, or tetrasubstituted products was
observed.

A series of complexes with nickel demonstrates the
significance of the N-substituent in geometry determina-
tion. Direct reaction of 4a with Ni(COD)2 resulted in
formation of the tetrahredrally substituted complex
Ni(4a)4.43 By comparison, direct reaction of excess silylenes
2 and 3 with Ni(COD)2 resulted in formation of trigonal
planar Ni(2)3 and Ni(3)3, respectively.44 The crystal struc-
ture of the Ni(2)3 compound is shown in Figure 4. The
difference in geometry is explained by the higher steric

requirement of silylenes 2 and 3 resulting from the tert-
butyl group on the nitrogens compared to the less
sterically demanding neopentyl groups on 4a.

The reaction of stable silylenes with metal halides can
lead to various products. In some cases the silylene can
act as a reducing agent, as shown in the reaction of 4a
with NiCl2(PPh3)2, which led to the isolation of Ni(PPh3)-
(4a)3 and Ni(4a)4. In other cases the silylene inserts into
the M-X bond, as demonstrated by the reaction of 4a with
PtCl2(PPh3)2 to form 31a. The product of this reaction was
shown to be in equilibrium with other isomers, 31b and
31c (eq 20).43

Fe, Ru. Mixed carbonyl-silylene metal complexes of
the group 8 metals have been synthesized by reacting
reactive metal carbonyl precursors with silylene 2. Diiron
nonacarbonyl reacts at room temperature with 2 to
generate the monosubstituted complex in high yield (eq
21). A crystal structure of this compound determined that
the silylene was in an equatorial position.8

Reaction of Ru3(CO)12 with silylene 2 (eq 22) generated
the pentacoordinate complex, 32, with the formula
Ru(2)2(CO)3.45 The crystal structure shows two different

FIGURE 4. Crystal structure of Ni(2)3.
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molecules in the asymmetric unitsone approximating a
square pyramid (32a) and another (32b) approximating
a trigonal bipyramidsin which the silylenes occupy eq-
uitorial positions. Figure 5 shows the crystal structures of
32a,b. NMR experiments indicate only one signal for the
silylenes, suggesting that in solution the two structures
interconvert rapidly and that the distortion is due to
packing forces in the crystal structure. In contrast to iron,
the additional space resulting from the longer Ru-Si bond
length apparently allows the Ru center to accommodate
more than just one silylene. Table 3 shows the M-Si bond
lengths and 29Si NMR values for the reported silylene
complexes.

Status and Future Prospects
Now, 7 years after the first synthesis of 2, structures have
been determined for 2, 3, and 4a, and fairly extensive
spectroscopic and theoretical studies of these compounds
have been carried out. Consequently, the unusual chemi-
cal bonding in these molecules is now moderately well
understood. And although doubtless new and unexpected
reactions remain to be discovered, the chemistry of these
stable silylenes is known at least in general outline.

What further advances can be expected in this field?
The number of stable silylenes is still very small, and it

seems possible that many other such molecules will be
made. The use of silylenes as Lewis bases toward metals
is still at an early stage of development, and much more
is likely to be done in this subfield. Moreover, the
discovery that metal complexes of stable carbenes7 are
powerful catalysts for several organic reactions invites the
study of catalytic properties of silylene-metal complexes.
Such compounds may also be studied as precursors to
silicon-metal alloys, by chemical vapor deposition.

Except for the marginally stable 6, the isolable silylenes
are all stabilized by π-bonding from N to Si. Stabilization
by nitrogen may also be effective for elements outside
group 14. Already, interesting communications have ap-
peared describing isostructural rings containing gallium,46

phosphorus, and arsenic.47 Finally, π-bonding stabilization
might be provided by other atoms, O, S, or P, alone or in
combination with nitrogen. Attempts to synthesize such
silylenes seem very likely.

Research on silylene chemistry at the University of Wisconsins

Madison has been supported by the National Science Foundation
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