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Abstract

Silyl anions and especially silicon derivatives of group 1, 2, 11 and 12 elements are important and versatile organometallic reagents in
synthesis. The best-studied class of silyl anions are the alkali metal silanides that feature monomeric, dimeric and polymeric arrangements as
molecular units. Alkali metal silanides have not only become interesting for their molecular structures but have also attracted recent attention
due to their synthetic abilities. Recently, alkali metalténit-butylsilanides (supersilanides, MBu3) have been used for the synthesis of
new main group element clusters and compounds with elements in low coordination states. In contrast to the well-established silanides with
alkali metals, few alkaline-earth metal silanides are known. Information regarding the structure and reactivity of these molecules is thus still
rather limited. Silyl derivatives of the zinc group are conveniently accessible by metathesis reactiop afid/idkali metal silanides. X-ray

Abbreviations: Ar, aryl; DME, dimethoxyethane; hmpa, hexamethylphosphoramide; Mes, mesityl; Np, neopentyl; Ph, iffreisdpropyl; THF, tetrahy-
drofuran; TMDAP, tetrametyldiaminopropane; TMEDA, tetramethylethylenediamine; Tip, IlB&6sH2
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crystal structure analyses show that the silanides of zinc, cadmium and maBuySiMSitBuz; M = Zn, Cd, Hg) are monomeric, wheras
tBusSiZznBr andBu;SiHgCl are tetrameric, the former with a regular, the latter with a pronounced irregular cyicffdmework. The com-

pound (MgSiMe;Si);Si—Hg—Hg—Si(SiMe,SiMes); represents the first molecular two-coordinated dinucluear mercury(l) silyl derivative.
Contrary to the well-known cuprates with organic ligands, few compounds are known withGuSiond. In contrast to homoleptic transi-

tion metal silanides, a huge number of heteroleptic complexes of transition metals with silyl ligands have been synthesized and structurally
characterized. Most of them are prepared by addition of silang&iHRto reactive transition metal species.

© 2004 Elsevier B.V. All rights reserved.

Keywords: Silyl anion; Alkali metals; Alkaline-earth metals; Transition metals

1. Introduction Alkali metal silanides have not only become interest-
ing on account of their molecular structures but have also

Compounds with carbanion character such as lithium attracted recent attention due to their synthetic abilities.
alkyls represent an important class of reagents in synthesisHowever, alkali metal triert-butylsilanides (supersilanides),
Over the past decade, their heavier homologues, the alkaliMSitBus and tris(trimethylsilyl)silanides (hypersilanides),
metal silanides, have also gained a wide area of applica-MSi(SiMes)s, have been used in the synthesis of new
tion. Papers regarding the synthesis and reactivity of silanidesmain group element clusters and compounds with elements
MSiRz were published by Gilman et al. in the 1950s and in low coordination states. Accordingly, the reaction of
1960s[1,2]. The first silanides studied in detail were the sodium supersilanide with thallium(lll) chloride produces
triphenylsilanides MSiPh(M = Li, Na, K, Rb, Cs)[3]. Early the supersilylated thallium clusterstB(3Si)sTlgCl> and
syntheses used hexaphenyldisilang$h SiPhg as a starting (tBuzSi)4TI3ClI [17], and with [(M&Si),N]2Sn leads to the
material, which was treated with the respective alkali metal tristannaallene tBuzSi);Sn=Sn=SnBusSi), [18].
in ammonia solution in the presence of pyridine. However,
the amount of by-products such as silazanes and silylated ) . o
1,4-dihydropyridine was considerably high with this method 2.1. Synthesis of alkali metal silanides
[4].

In addition to the well-established tiert-butylsilyl group
(“supersilyl”, tBusSi—) [5] and the tris(trimethylsilyl)-silyl
group (“hypersilyl”, (MgSi)s3Si—) [7], this paper presents
the ditert-butylphenylsilyl groupiBu,PhSi-) as a new ster-
ically demanding substitue[&,9]. An advantage of the bulky
silyl ligands is the good space-filling property, which en-
ables the kinetic stabilization of elements with rare oxidation
and coordination numbers. Sterically demanding silyl anions

2.1.1. Synthesis of silanides by transforming at$i
bond with alkali metals or MH into a SiM bond

The hydrogen substituted silanides MSiItM = K, Rb,
Cs) are synthesized by the reaction of $ikth alkali met-
als or alloys of alkali metals such as KNa in monoglyme or
diglyme [19-26] In contrast to MSiH (M = K, Rb, Cs),
the silanides MSil (M = Li, Na) are formed together with
by-products [e.g. NaSip{SiH3)] by the same procedure.

have a strong basicity on account of their electron-donor ca- S+ M MSiH, x2 MSIH,SiH,
pacity; metal-metal bonds are thus strengthened. Metathesic * - MH -MH
reactions can easily be carried out due to the strong nucle-  M=Li.Na.K Rb, Cs M =Li, Na
ophilic power. Bulky silanides are especially suited for cluster (1
synthesis owing to their basicity as well as their nucleophilic-
ity [5].
x3 . .
o MSIH(SiH3),
M =Li, Na

2. Alkali metal silanides . . ) ) .
Another synthetic route is the reaction of silanes HSIR

The best-studied class of compounds containing silyl with alkali metal hydride MH at elevated temperatures to give
anions are the alkali metal silanides that feature single t€ @ppropriate silanides MSifand hydrogen, as shown in

(monomeric)5-7,10-14]cyclic (dimeric)[5,7,8]and chain Eq.(2):

(polymeric)[9] arrangements of molecular units. In addition _ .

to the reaction of halosilanes with alkali metals, silanides HSIRs +MH Th MSIRs (2)
can be prepared as follows: (i) by transforming aBibond M=Na,K

with MH or alkali metals[15,16], (ii) by cleaving a Si-Si

bond using alkali metals, alkoxides ROM (M = Na, K, Cs), The metalation of silanes with MH is a general reaction

alkali metal hydrides MH or lithium alkyl§13,14} (iii) by and has been applied to many silanes with hydrogen, alkyl and

methathesis reactidii5,16}, (iv) by metal-metal exchange ~ aryl substituent§27-29] Examples of alkali metal silanides
[7,10]. synthesized by cleaving a-SH bond are listed iMable 1
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2.1.2. Synthesis of silanides by reaction of halosilanes 2.1.3. Synthesis of alkali metal silanides by cleaving a

with alkali metals Si—Si bond using alkali metals or strong bases
Tri-tert-butylsilanides  (supersilanides) and tdit- Reduction of halosilanesfSiX (X=Cl, Br, I; e.g. R=Me,

butylphenylsilanides of the alkali metals MBu;R (R Ph) with small substituents by alkali metals leads to disilanes

= tBu, Ph; M = Li, Na, K) were synthesized from the as shown in Eq(4):
bromosilane$Bu;RSiBr (R =tBu, Ph) with alkali metals in

heptane at moderately elevated temperature as shown in Eq2R38ix +M —MX R3Si—SiRs (4)
(3)[5.8,9] M=Li,Na,K
heptane X=CI,Br,|
Bu,RSIBr + M =~ —— MSitBu,R
- MBr

However, many disilanes can be cleaved by alkali met-
als [32—-39] or strong bases such as alkyllithium reagents

donor ) 140-43] alkali metal alkoxide§44-46,53,54]and alkali
metal hydride428], as depicted in Eq. (5) (sé&ble 1for
examples of silanides prepared by this method):
donor solvent (donor), MSifBu,R +LR'
— MBr n 2 - »  LiSiR;
_ — R3Si-R'
1a:M=Li;R=1Bu
1b:M=Li;R= Ph
2a: M=Na;R=1{Bu
2b: M=Na; R=Ph
3a: M= K;R=1Bu
3b: M=K; R=Ph M
The silanides MSBu;R (R =tBu, Ph; M = Li, Na, K) R3Si-SiR3 — » MSiRs 3)
are pale yellow compounds that are poorly soluble in alkanes M =Li, Na, K, Cs
[the potassium silanides KiBiu;R (R =tBu, Ph)3aand3b
are completely insoluble in alkanes]. Obviously, the inter-
molecular interactions in the potassium silanidestR&R +MOR' / MH
(R =1tBu, Ph) are stronger than in the silanides of lithium TRSOR Ren VSR
and sodium MSBu;R (R =tBu, Ph; M = Li, Na). The re- ’ ’ M= Na, K

sulting sil_anides MSB_UZR (R =tBu,_ Ph; M= L, Na_, K) A convenient method that gives potassium silanides in
and alkali metal bromides MBr (M = Li, Na, K) precipitate good yield is the cleavage of disilanes by potassient

from alkanes, while the by-products stay in solution. By- ) yide in polar solvents such as THF or DME (3esle 1
products such as the silanBusSiH andtBuPhSiH or the ¢, o 2 mples of silanides prepared by cleaving-aSibond)

diSi|aneStBU3Si—SitBU3 andtBuzPhSl—S”Dh:Buz are eas- [46] Treatment Of S|(S|M@4 W|th L|Me or alkylllthlum

ily separated by filtration from the silanides. However, the reagents produces LiSi(Si as shown in E or:
solubility of MSitBuzR (R =tBu, Ph; M = Li, Na, K) in aro- genisp (Sitd, a- (BAOJ;

matic solvents such as benzene, ethers or tetrahydrofuran is e ) LiSi(SiMes)s
much better than in alkanes. Contrary to tetrahydrofuran, the S é'Mea tLMe T e, ©
weaker donor benzene is easily removed from the silanides " Sites
in vacuo. Therefore, solutions of the silanides ¥BsbR (R Interestingly, the potassium supersilanides tR83, react
=tBu, Ph; M = Li, Na, K) in benzene are filtered from al- with hexamethyldisilane, MgSiSiMe3, to give the superdis-
kali metal bromide. The pure silanides MBiR (R =tBu, ilane,tBusSiSitBus, and the potassium silanide, KSiyjas
Ph; M = Li, Na, K) are obtained as residues after removal of shown in Eq(7) [47]:
benzend5,8,9].

The donor adducts of MBuU;R (R = tBu, Ph; M = Me3Si—SiMes + 2KSitBuz — tBusSi—SitBus + 2KSiMes
Li, Na, K) can also be synthesized from the donor-free
silanides. Otherwise, the synthesis of M&i>R (R =tBu, @

Ph; M = Li, Na, K) can be carried out in donor solvents
as shown in Eg. (3). On the one hand, the stability of al-
kali metal arene complexes increases from lithium to potas-
sium. On the other hand, the strength of the adducts of alkali
metals with n-donors decreases from lithium to potassium.
Other alkali metal silanides with bulky substituents such as 2 1 4. Synthesis of alkali metal silanides by metathesis
MSIR(SitBuz)2 (R = H, Me; M = Li, Na, K) can be synthe-  (gaction

sized from the appropriate halosilanes and alkali m¢sals Contrary to the syntheses of group 2, 11-14 metal
Examples of alkali metal silanides synthesized by reaction of sjjanides, the metathesis reaction of MX with homologous
halosilanes with alkali metals are listedTable 1 alkali metal silanides (Eq8)) plays only a minor role in the

In contrast, few alkali metal silanides have been synthe-
sized by the cleavage of silicon carbon bof#,49]
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Table 1

Examples of alkali metal silanides and preparation methods

Silanide Preparation References

MSiH3 (M = Na, K, Rb, Cs) By transforming a SH bond (Sectior2.1.]) [19-26,57]

KSiH3 By transforming a SiH bond (Sectior2.1.1)/by [19-26,57] [35,36]
Si—Si bond cleavage (Sectichl.3

NaSi(SiHs)3 By transforming a SiH bond (Sectior2.1.1) [30]

KSiH,Ph By Si-Si bond cleavage (Secti¢hl.3 [36]

KSiHPh By Si—Si bond cleavage (Secti¢hl.3 [37]

LiSiMe3 By Si—Si bond cleavage (Sectichl.3/by [43][50]
metal-metal exchange (Sectiari.§

MSiMes (M = Na, K) By Si—Si bond cleavage (Sectiéhl.3 [28,44-46]

LiSiEtz By metal-metal exchange (Sectiari.5 [51]

MSiPhs_nMe;, (M = Li, K) By Si—Si bond cleavage (Sectichl.3 [32,33]

MSiPhs (M = Li, K) By transforming a Si-H bond (Sectior2.1.1)/by [15,16,27] [15,16,46]
Si—Si bond cleavage (Sectichl.3

MSiPhtBu (M = Li, Na, K) By Si—Si bond cleavage (Sectiéhl.3 [34]

MSitBu,Ph (M = Li, Na, K) Halosilanes with alkali metal (Secti@nl.2 [8,9]

MSitBuz (M = Li, K) Halosilanes with alkali metal (Sectiok1.2 [5]

LiSi(SiMe3)3 By Si—Si bond cleavage (Secti¢hl.3 [57]

MSi(SiMe3)3 (M = Na, K, Rb, Cs) By metal-metal exchange (Sec2zohH [7,10]

LiSiMe,SiMe3 By metal-metal exchange (Sectiari.5 [52]

KSiMe;SiMes By Si—Si bond cleavage (Sectiéhl.3 [54]

MSIR(SitBug)2 (M =Li, Na, K; R =H, Me) Halosilanes with alkali metal (Secti¢hl.2 [31]

KSiMe,SiMe,Ph By Si-Si bond cleavage (Secti¢hl.3 [54]

synthesis of silyl derivatives of alkali metdlk5,16}

MX + M'SiR; — M’X + MSiRs

M=Li,Na,K
M’=Rb,Cs

(8)

show similar?Si NMR values. In contrast, the signals of
LiSitBuzPh are shifted to higher field in tetrahydrofuran than
in benzene. As shown for supersilanides, a high-field shift

of the signals correlates with the observation of monomeric

X=ClI,Br

Since the synthesis of cesium or rubidium silanides is more
difficult than that of lithium, sodium or potassium, the prepa-
ration of alkali metal silanides by metathesis reaction is not
very useful.

2.1.5. Synthesis of alkali metal silanides by
transmetallation

As shown in Eq(9), several alkali metal silanides are pre-
pared by the reaction of mercury silanides with alkali metals
via metal-metal exchand#5,16}

aggregates with more negative charge on the Si center. This
indicates that monomeric speciest8u,PhSiLi are prob-
ably formed in the stronger donor solvent tetrahydrofuran.
Surprisingly, nearly identical shifts of the tetrahydrofuran
adducts have been measured in the non-coordinating solvent
cyclohexane as well as in the donor solvents tetrahydrofuran
or benzene. Obviously, the benzene and the tetrahydrofuran
adducts of MSBuU,Ph (M = Na, K) form dimeric species in
solution with structures that are similar to those in the solid
state[8].

M + HgSiRs — Hg + MSiR3 (9)  Table2
M=Li: R=Me.Et 295i{1H} NMR shifts of M(donor)SitBuzPh (M = Li, Na, K)[8]
M=K,Rb,Cs; R=SiMe3 Silanide Solvent 8 (3°Si{*H})
Examples of alkali metal silanides synthesized by .(CsHe)SitBuzPh GDs 268
l-metal exchange are listedTiable 1 LTHP)nSitBuzPh de- THF 196
meta 9 Li(THF),SitBuPh GsDs 225
Na(CsHe)SitBuzPh GDs 26.1
2.2. NMR spectra of alkali metal silanides Na(THF),SitBuzPh dg-THF 28.9
Na(THF)StBuPh GDs 26.1
The structures of hydrogen substituted silanides (e.g. ng:?ﬁgggﬂzzﬂ 286 22'2
NaSinSng).have beep verified with thehH NMR spectra K(CGHG)SitBUZéh CGD? 268
[25]. Otherwise theé?’Si NMR spectra of the silanides and  K(THF),SitBu,Ph dg-THF 235
their donor adducts give some evidence of which aggregates<(THF)SitBu,Ph GDe 247
are formed in solution. As shown ifable 2 the adducts  K(THF)2SitBuzPh GDg 25.0
K(THF),SitBu,Ph GD12 235

of MSitBuPh (M = Na, K) with benzene and with THF
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2.3. Structures of alkali metal silanides

The crystal structures of MS#{M =K, Rb, Cs) are of the
NaCl type at ambient temperatil]. At —5°C the potas-
sium silanide KSiH crystallizes from a mixture of DME and
n-pentane in an orthorhombic modificati@4], which shows
K—Si distances of 3.6A. The strength of agostic interac-

785

of the three CSiC angles is smaller than 380 structures

of the ion-separated silanides MSi(Sijje [12]. However,

the molecular structure of the non-solvated lithium silanide
LiSi(SitBuzMe)3 features a nearly planar geometry arising
from steric strain and intramolecular agostic CH—Li inter-
actions[6]. The sodium dkert-butylphenylsilanide was re-
cently described as a polymeric arrangement of molecular

tion between alkali metal centers and H atoms in silanides units. The ditert-butylphenylsilyl substituent has the ability

increases from cesium to lithium and the structure of Li§SiH
has not yet been determined.

Alkali metal silanides normally prefer a pyramidal geom-

to coordinate via botlr bonds (E—Si) andr interactions of
the phenyl ring8,9]. In contrast to the polymeric structure
of NaSiBu,Ph in the solid state, the central framework of

etry at the Si center rather than a planar geometry, as the sunthe solvent-free supersilanides MBii3 (M = Li, Na) [5]

M Ha
R\ AN /R C (H:s
R——=Si Si—R Me,C v
/ N €2 2
R M/ R 'HsC Li CMe,
i I~c |
BuMe)Si— g7 giMe)Bu
MR
Li | SiMes,tBu
Na | SiMes, tBu Si(Me)tBu
K | SiMeg
R
A . R
R—=Si"  [M(donor),] R>Si—M donor
R
tBu
l donor n_ R
_M_ | donor n_|R Li | THF 3 SiMeg, SiPhg
fb [15cromns |2 | Sies Ne|PMDTA |1 Bu
tBu Cs | 18-crown-6 | 2 SiMeg E éé;ferown-s ; Ssiir\’;ll‘eega,tBu
Rb | 18-crown-6 |3 SiMeg
M(donor),,
R R
R 4 Ng g MesG” O Na(THE
— . e
R / / \R /2 ( )2
l. M(donor), tBu,Si /SitBu2
‘\“ K M_|donor |n H_ (THF)2Na\ /CMe2
| S Wi Cs | taivene |10 | Siten HsC
X Cs | THF 0.5/0.5 | SiMeg
(X ) Cs | biphenyl | 1/0 SiMeg
Na
™ 2
\ '
T H
Me;SiMe,Si — i RO
TN B *M(donor),,
RN (donor) My - I _tBu
\‘ ~ RN Si

- - ---3Li—SiMe,SiMe,

Fig. 1. Molecular structures of alkali metal silanides.
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and of the solvent-free hypersilanides MSi(S#f{e(M = Likewise the tetrahydrofuran adduct possesses a longer
Li, Na, K) [7] forms a four-membered ring. The corners of Si—Na bond{2b(THF) 2.991(2)& [8]} than the unsolvated
these rings are alternately occupied by alkali metal and Si sodium silanide{NaSiBu,Ph 2.8811(19/)'\ [9]}. In com-
atoms|[5,7]. According to an X-ray crystal structure analy- parison: the corresponding MSi bonds of the supersilanides
sis LiSiMe;SiMes represents a silanide featuring a tetramer {NaStBU33.067(4)& [5]} are significantly longer due to
containing a tetrahedron of four Li atoms in the solid state steric strain.
[52]. Examples of structurally characterized alkali metal

Contrary to the dimeric structures of MBus and silanides are listed iRkig. 1andTable 3
MSi(SiMes)s, the structures of the benzene complexes of
the potassium supersilanide ¢ffs)3KSitBuz and the hy-
persilanide (GHe)3KSi(SiMes)3 involve monomeric units 3, Alkaline-earth metal silanides
with three benzene molecules coordinated at the potassium
atom [5,7]. The silanides (§Hg)2KSIiR(SitBuz)s (R = H, 3.1. Synthesis of alkaline-earth metal silanides
Me) are monomers in the solid state but in contrast to the
structures of potassium supersilanide and hypersilanide, the  Several routes to alkaline-earth metal silanides are known
potassium center is coordinated to only two molecules of that are similar to the synthesis of alkali metal silanides dis-
benzeng31]. The structures of tetrahydrofuran adducts of cyssed in Sectio. The preparation of alkaline-earth metal
the supersilanides and hypersilanides are built of dimeric sjlanides by the metathesis of MXM = Be, Mg, Ba; X =
units connected by bonds rather tham interactions asin  C|, Br, I) with alkali metal silanides is the most preferable
(THF)MSitBuzPh (M = Na, K), as shown ifrig. 1 method. The Grignard analogous compout®issSiMgBr

The general solid state structural motifs of the and (MeSi)zSiMgBr were produced by reaction of MX
silanide donor adductgb(THF), 3b(CgHe), 3b(THF) and  with one equivalent of alkali metal silanides, NtHis
3b(THF), features a cycle formed by two silanide molecules and LiSi(SiMe;)3 [72,73] Several Grignard analogous com-
[8], in contrast to the polymeric chains of the unsolvated pounds have been generated by the same route to the corre-
tBuzPhSiNa[9]. In the silanide donor adducts, the alkali sponding lithium silanides and magnesium bromide. Most of
metal centers are coordinated to one silicon atom and to thethese compounds have not been isolated, but are used in situ

for synthetic purposes:

RsSiM + MgBr, —  RsSiMgBr (10)
R3Si=rBuzSi; M=Na —MBr 10
R3Si=(Me3Si)3Si; M=Li 10a R3Si=tBusSi
10b: R3Si=(Me3Si)3Si

. . . . 6 ) Adducts of MeSiMgX donor (donor =
phenyl ring of a neighboring silyl group in° fashion. The MezNCH,CHNMes, MeN(CH.CHNMes)p; X = B,
alkali metals are further complexed by solvent molecules, ) were synthesized from the halosilanes 48& with

and significant agostic interactions were not observed as al'magnesium in toluene at temperatures between 40 an@ 70
ready discussed for the structures of the supersilanides anqn presence of the appropriate donor as shown in ()
hypersilanides. [71]:

MesSiX + Mg — Me3SiMgX (donor) (11)

10c X=Br; donoe=Me2NCH,CHoNMez, MeN(CH2CHaNMes),
10d: X=I; donor=Me;NCH,CHaNMe,, MeN(CH,CHa2NMez),

Another useful synthetic method for Grignard analogous
compounds (BSiMgBr) is the transformation of (#8i)>Mg
The length of alkali metal-silicon bonds and the sum of With element halides as shown in Eq. (12p] for GaBr
the CSiC angles on the Si center give evidence of the chargereacted with{BusSi)Mg(THF). in benzene atambient tem-
separation in the silanides. Generally, strong donors on thePerature. X-ray quality crystals eBuzSiMgBr(THF) were
alkali metal center lengthen the-S¥1 bond and lead to more ~ grown from a benzene solutig#2].

negative charge on the Si center, so tBlafCgHsg), involy— C‘ , s
ing benzene, adopts a shorter-&i bond [3.3602(114] , NG 20, BEM9/“I{§ © 2 BB
than the tetrahydrofuran addu8b(THF) [3.3710(11)A]. tBussi” \© tBu‘s’i‘Mg'B'

Otherwise the K-Si bond in3b(;I'HF) is somewhat shorter
than the bond length of 3.405(A)estimated folBb(THF)-. 11a(THF), 10a(THF) (12)



H.-W. Lerner / Coordination Chemistry Reviews 249 (2005) 781-798 787
Table 3
Alkali metal silanides characterized by X-ray diffraction
Silanide M-Si (A) References
(LiSiMe3)2(TMEDA)3 2.70(1) [62]
Li(THF)3SiPhg 2.672(9) [56]
Li(THF)3Si(SiMe;)3 2.644(12)/2.669(13)/2.674(13) [14,56]
Li(THF)3Si(SiMe;)2(SiMe;),Si(SiMe3)3 2.657(6) [59]
Li(THF)3Si(SiMe;)2(SiMe,tBu) 2.684(9) [13]
Li(THF)3Si(SiMe;SiMes)3 2.760(11) [63]
Li(THF)3(SiPhp)4Li(THF)3 2.714(10) [58]
Li(THF)3SiPh(NEb), 2.627(4) [61]
Li(THF)3SiPh(NEL,) 2.680(8) [61]
Li(THF)3SiPh(NPh) 2.732(7) [64]
Li(THF)2R, 2.609(4) [57]
Li(THF)SiH(SiMe,tBu), 2.760(11) [60]
[Li(THF)] 2Si(SiiPr3)2 2.549(7)/2.55(1) [69]
Li(THF),SiiPrLHgSIiPLLI(THF), 2.558(11) [65]
Li(dioxane)[Si(Si(Ar);]sLi(dioxane) 2.55(1) [67]
Li(THF)[Si(Si(Ar1)2]-Li(THF), 2.542(8)/2.589(8) [67]
LiSi(SiMes)3-Li(Ar ) 2.519(7) [68]
LiSi(Tip)=Si(Tip)2 2.853(3) [142]
LiSi(Mes)=Si(SiM&Bu), 2.702(9) [143]
LiSi(SiMe,SiMe3)s 2.711(8)/2.737(7) [63]
LiSiMe(SiMe;Ph), 2.664(5)/2.778(7) [66]
LiSiPh(SiMey), 2.630(12)/2.775(11) [66]
LiSi(SiMes)3 2.588(4)/2.601(4) [7]
LiSi(SiMe,tBu)s 2.531(6) [6]
LiSitBug 2.67(1)/2.63(1) [5]
[NaSiHs]2[NaOs;CsHiils 3.048 [30]
Na(PMDTA)SiBus; 2.967(2) [5]
Na(THF)SiPtBu, 2.9910(20) [8]
Na(THF)SitBus 2.9190(10) [5]
NaSiPhBu, 2.8811(19) [9]
NaSiBus 3.0670(40) [5]
NaSi(SiMe)s 3.0025(2)/2.993(2) [7]
KSiH3; 3.62(1)/3.64 [21,24]
K(18-crown-6)Si(SiMe),Si(SiMe3),Ph 3.5994(19) [11]
K(18-crown-6)Si(SiMg).(CH,), Si(SiMe3),K(18-crown-6) 3.4197(12) [55]
K(18-crown-6)Si(SiMe)3 3.447(8) [12]
[K(12-crown-4)][Si(SiMes)s] * [12]
K(18-crown-6)Si(SiMe),(SiMe,)s Si(SiMe;),K(18-crown-6) 3.568(2)/3.461(4) [70]
K(18-crown-6)Si(SiMg),(SiMe,), Si(SiMe;),K(18-crown-6) 3.4458(14) [70]
K(18-crown-6)Si(SiMg),SiMe, Si(SiMe;),K(18-crown-6) 3.5011(18)/3.5836(18) [70]
K(toluene)Si(SiMg),Si(SiMe3)3 3.3147(12) [11]
K(benzenejSi(SiMes)3 3.352(4) [7]
K(benzenejSitBug 3.3780(10) [5]
K(benzene)SiH(SitBus), 3.306(1) [31]
K(benzene)SiMe(SitBu), 3.351(1) [31]
K(benzene)SiPiBu, 3.3602(11) [8]
K(THF)SiPhBu, 3.3710(11) [8]
K(THF),SiPHBu, 3.4050(8) [5]
KSi(SiMe3)s 3.4166(9) [7]
KSi(SiMe3)3-KOtBu 3.487(10)/3.571(10) [12]
RbSiH; 3.76(1) [21]
Rb(18-crown-6)Si(SiMg)3 3.436(8)/3.452(7) [12]
[Rb(18-crown-6)][Si(SiMe)s] 8)(7) [12]
RbSi(SiMe)s-(toluene) s 3.616(4)/3.595(4) [10]
CsSiH 3.93(1) [21]
CsSi(SiMeg)3-(toluene) s 3.807(2)/3.850(2) [10]
CsSi(SiMe)s-(bipheylene) 3.677(2)/3.742(2) [7]
CsSi(SiMe)s-(THF)o s 3.708(1)/3.673(1)/3.732(1)/3.669(1) [7]
[Cs(18-crown-6)][Si(SiMg)3] ) [12]

* Separated ion pair.
(NP)
N
R, = Si
1 (MesSi)sSiN

N
(NP)

| Ar, = Ar,= BU-C
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SltBu3 C\ SltBu
Br Mg o 3 . .
2 tBu,SiMgBr(THF tBu3SiMgSitBu 13
B SIMgBI(THR ), T 1)THE o\Mg Br Q -MgBr, Mg\ 2THF ’ ’ (13
tBu3S| BuSi 8)
10a(THF), 10a(THF) 11a(THF), 11a

While R3SiMgBr(THF), was transformed in non-donor
solvents (Schlenk equilibrium) like the related Grig-
nard compounds with carbon centerg@gBr(THF),,
isolation of these Grignard analogous compounds was
difficult [72,73] The supersilyl and hypersilyl compounds,
tBuzSi—Mg—SitBus and (MgSi)3Si—Mg—Si(SiMe3)3
were synthesized by the addition of two equivalents
of NaSiBus or LiSi(SiMe3)3 to a tetrahydrofuran so-
lution of MgBr,. Otherwise tBuzSi—Mg—SitBuz or
(Me3Si)3Si—Mg—Si(SiMe3)3 are obtained when MgBris
eliminated fromBu3SiMgBr (Eq. (13))[55,72,73]

Solvent-free disilylated magnesiuBusSi—Mg—SitBus
was obtained by heating the solid adduBtgSi),Mg(THF),
in vacuo and uncomplexetBuzSi),Mg was recovered quan-
titatively from the resulting residug?2].

Another RySi—Mg—SiR3 species was prepared by trans-
metallation, as depicted in E({.4). Stirring magnesium pow-
der with Mg Si—Hg—SiMes in donor solvents such as DME
for about 1 week led to the formation of the magnesium
silanide MgSi—Mg—SiMe3 [74,75,76]

MesSi—Hg—SiMes + Mg — MesSi—Mg—SiMes +Hg
11c
(14)

The supersilylated beryllium compountBusSi—Be—
SitBuz and tBuzSiBeCl were synthesized by the addition
of one or two equivalents dBuzSiNa to BeC} in dibutyl
ether. The donor-freetBu3Si),Be was formed when two
equivalents of sodium supersilanide reacted with Bag@l
dibutylether (Eq(15)). The use of one equivalent sodium su-
persilanide led to oligomeridBusSiBeCl),, which showed
broad signals in théH and?°Si NMR spectrun{72]:

NaSiBus + BeCb

NaSrBu
— tBuzSiBeCl 3

tBU3S|BeSrBU3
—NacCl 12a

(15)

7NaC

Derivatives of M[Si(SiMg)3]2 (M = Ca, Sr, Ba) have been
synthesized recently and characterized by X-ray crystallog-
raphy[77].

3.2. Structures of alkaline-earth metal silanides

Fig. 2 shows the molecular structures of alkaline-earth

metal silanides characterized by X-ray structure analyses.

The Si-Be—Si unit is perfectly linear, as for the isoelec-
tronic comgoundtBu;:,Si)zZn [78]. The Be-Si distance of
2.1930(10A in the silanidel3ais a little longer than the

Be—Sibondin CpBeSiM§(2.185(2)&) [79]and longer than
the sum of the atomic radii (2.1%) [80].

The molecule structures of silyl magnesium compounds
of type (RsSi)2Mg(donor), are shown inFig. 2 An X-
ray structure determination dfla(THF), shows that the
Si—Mg—Si unit deviates from linearityl[la(THF),: bond
angle Si(1>Mg—Si(2) = 132.82(4)] due to interactions be-
tween Mg and two O atoms from tetrahydrofuran molecules
[72]. The Mg-Si distance in1la(THF); is 2.777(2)&
[72], representing a characteristic value for a Mgj
bond (sum of the atomic radii: 2.% [80], but longer
thanin [(M&Si)3Si]2Mg(THF), [75], (Me3Si),Mg- TMEDA
[76], (Me3Si)2Mg- TMDAP [74] and (M&Si),Mg-DME [75]
(Table 4.

The central framework of the Grignard analogous com-
pound 10a(THF) forms a planar four-membered ring.
The corners of this ring are alternately occupied by Mg
and Br atoms (angle ofOa(THF): Br—Mg—Br 98.2(2y,
Mg—Si—Mg 81.4(2)) [72]. In addition to two Br atoms,
the Mg atom is surrounded by one Si atom and one
molecule of tetrahydrofuran. Contrary to the Mg centers
in 10a(THF) [72] and 10b(THF), [73], the Mg atoms in
(MesSi)MgBr-TMEDA [71]is penta-coordinated. The struc-
ture of 10a(THF) features two MgSi contacts with a
Mg—Si distance of 2.6075(1103). However, the Mg-Si dis-
tances in0a(THF) and10b(THF), are significantly shorter
than inlla(THF), and in11b(THF), [72,73] The Mg-Br
bond in10a(THF) has a length of 2.5929(@) [72], repre-
senting a characteristic value for a MBr bond (sum of the
ionic radii: 2.53A) [80].

tBu tBu R\
tBu—§i——Be—SiZtB R——Si——MgBr(donor)
u — i iZtBu - n
tBu tBu R
donor n | R
THF 2 SiMeg
R M(donor), R R Br R
N~ IR ) AN e
R7S| S|<R R7SI—|V|9 Q_S'\ R
R R R dy d R
Br
donor n R donor n R
THF 2 "Bu THF IR NEY
THF 2 SiMeg TMEDA 1 Me
lmgag : m: MeN(CHaCH o NMes)o 1 Me
DME 1 Me

Fig. 2. Molecular structures of alkaline-earth metal silanides.
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;Tlfalﬁnzle earth metal silanides characterized by X-ray diffraction In addition to the metathesis reactions shown in(EEﬁ),

— . — ' silanides of zinc group metals can be prepared as follows: (i)
Silanide M-Si (%) References  py transforming a SiH bond with MR [82,83] or (ii) by
tBusSiBeStBus 2.1930(10) [72] transmetallatioi84].

CpBeSiMe 2.185(2) [79] The first molecular two-coordinated dinuclear mercury(l)
MEE,EMSSIEL“QE?C’?&CHZNMQ)Z ggggggg {;H derivative (MeSiMe;Si)sSi—Hg—Hg—Si(SiMeSiMes)s
tBusSiMgBI(THF) 2.6075(11) [72] has been synthesizeql from the silane §Bide,;Si)zSiH
(Me3Si)3SiMgBr(THF), 2.584 [73] and HgBu,, as shown in Eq(18) [85]
(Me3Si),Mg(TMEDA) 2.631(4) [76]
Emesg?;zmggm’g()c'*zcHzNMez)z 22238 gg} (Me3SiMe,Si)3SiH + HgrBuy

e331)2VIg .
(tBusSi)2Mg(THF), 2.6075(11) [72] — (Me3SiMexSi);Si—HgHg—Si(SiMeSiMes);  (18)
[(Me3Si)sSilaMg(THF), 2.682(2) [73]
[(MesSi)sSi]2Ba(THF), 3.440(9) [77]
[(Me3Si)sSi]oBa(hmpa 10.533 [77] . .
[(MesSi)sSi)oBa(18-crown-6)]- 3.645(4)11.917  [77] Several Ilth_lum mercury metgllates,ngg(Sle)4, have
[((Me3Si)sSi),Ba(hmpay] been synthesized, as depicted in EQ) [86,87]

* Separated ion pair.

2Li 4+ 2Hg(SiRs), — Liz[Hg(SiRs)4] +Hg (19)
20a R3Si=Me3Si

4. Zinc group metal silanides 20b: ReSiePhM&Si

4.1. Synthesis of zinc group metal silanides Examples of synthesized and structurally characterized

lithium and magnesium mercury metallates;H§)(SiRs)4
and Mg[Hg(SiR)z]2, are listed inFig. 3 and Table 5 [86—

88.

Compounds containing bonds between silicon and a group
12 metal have been known for many years. All of the known
zinc or cadmium silanides and most of the known mercury
silanides have the formal oxidation state of 2. The supersi-
Iyl and hypersilyl derivativestBusSi—M —SitBuz [78] and 4.2. Structures of zinc group metal silanides
(MesSi)3Si—M—Si(SiMe3)3 [81] (M = Zn, Cd, Hg) can be

synthesized by addition of two equivalents of N&sk or X-ray crystal structure analyses show that the disily-
LiSi(SiMe3)3 to a tetrahydrofuran or ether solution of MX  lated zinc group metal derivativess®MSitBuz (M = Zn,
(M =2Zn, Cd, Hg; X =Cl, Br), as shown in E¢16): Cd, Hg, RSi = tBusSi; M = Zn, RsSi=(Me3Si)3Si) are

monomeric in the solid statf/8,81,84] The Si-M—Si

R3$'M/ + MXZ_ _ units in14a 15a 16aand14b are perfectly linearKig. 3.
R3SI§;E;T§|I\}|($§S?5)EHsb/:t/:;;'iaéi(;cLBr In contrast, the SiM—Si units in 14 15c and 16¢ de-
viates somewhat from linearity (bond angle-81—Si in
— RsSi—M—SiRs (16)  14c 15cand16cM = Zn: 170.72(8)/172.46(9); M = Cd:
—2M'X 14-16 _ 174.20(8); M = Hg: 174.40(7)) due to weak agostic in-
14{)‘_“; Zz:nzrl]:{gzﬁ(:nje‘g:éﬁl S teractions between the metals M (M = Zn, Cd, Hg) and H
14c M=2Zn: Y&Si:(tBU3Si)23I‘-|Si [89]. The Si-M distances irl4a-16aare significantly longer
15a M=Cd; RsSi=/BUsSi than the sums of the atomic radi#8]. The X-ray crystal
1]éibl:\/IM:=C%('jl;?3R%iS:|=(t('Bvllje33$Si)l)?I’-|SSIi structure of (MgSiMe>Si)zSi—Hg—Hg—Si(SiMe,SiMes)s
162 M=Hg: ReSi—rBUsSi shows that the SiHg—Hg—Si unit is linear with a Hg-Hg
16b: M=Hg; RsSi=(Me3Si)3Si bond length of 2.6569(1 [85], which is longer than
16c M=Hg; RsSi=(1Bu3Si);HSi in HgoX> (X = F, Cl, Br), but slightly shorter than in
ng|2.
The supersilylated silanides of the typgSRMX, such The silanide$BuzSiZnBr andtBuzSiHgCl are tetrameric
astBuzSiZnBr, tBuzSiCdBr andtBusSiHgCI are prepared  in the solid state, the former with a regular, the latter with
by metathesis reaction of one equivalent of NB8} a pronounced irregular cubic M4 framework[78]. The

with one equivalent of MX or by transformation of M-S distances irl7aand19aare somewhat shorter than
tBusSi—M—SitBuz (M = Zn, Cd, Hg) with element halides,  in 14aand16a The Hg atoms in the lithium mercury metal-

as shown in Eq(17) [78]. lates20aand20b are coordinated by four Si atoms, forming
. . . . a distorted tetrahedron. The structure206 and20b fea-
fBWS';ﬂlgaS iBUs +EX3 = tBu3S'Mi(7;1tgzu3S'Exz ture short Li-Hg contacts with average Hd.i distances of
E—Al.Ga 2.566(13) and 2.58(1, respectively[86]. Selected SiM
X=Cl,Br bond lengths of the silyl derivatives of metal of the zinc group

(17) are listed inTable 5
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Fig. 3. Molecular structures of zinc group metal silanides.
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R R
/
R%Si—M—Si<R
R R
M R
Zn tBu, SiMe3.
Cd | tBu, SiMes
Hg Me, tBu, SiMeg
MesSiMe,Si
MesSiMe,Si
Me3SiMegsi
tBusSiM )l(\
MSitBus
X_
\ SitBu\:;
M
SitBug
M X
Zn Br
Hg cl
Table 5
Silyl derivatives of the zinc, cadmium and mercury characterized by X-ray
diffraction
Silanide M-Si (A) References
tBuzSiZnSiBug 2.384(1) [78]
[(Me3Si)3Si]2Zn 2.342(4) [81]
(tBuzSi)2HSiZnSiH(StBuU3)2 2.449(2)/2.425(2) [89]
tBuzSiCdSiBus 2.524(2) [78]
[(Me3Si)3Si]2Cd 2.510(4) [84]
(tBuzSi)2HSICdSiH(SiBuz), 2.609(2)/2.599(3) [89]
Me3SiHgSiMe 2.500(5) [92]
PhsSiHgSIPh 2.505(4) [91]
Hg[SiMe;SiCH,Me,SiloHg 2.503(4) [91]
tBuzSiHgSiBus 2.495(2) [78]
[(Me3Si)3Sil2Hg 2.467(2) [84]
Li(THF)2SiiPrHgSIiPrLi(THF)2 2.4795(13) [65]

(tBusSi),HSiHgSIH(StBuU3),
(Cp*2SiBr)zHg

tBuzSiZnBr

tBusSiHgCI
(Cp*2SiCl)HgCl
Lio[Hg(SiMes)a]
Liz[Hg(SiPhMe)4]
Mg[Hg(SiPhMe)s]2

2.563(2)/2.561(2) [89]
2.466(3)/2.479(3) [90]
2.369(4)/2.372(2)[78]
2.437(3)/2.439(3)[78]
2.4076(16) [90]
2.539(2)/2.548(2) [86]
2.493(2)/2.549(2) [86,87]
2.516 av [88]

(Me3SiMe;Si)3SiHgHgSI(SiMeSiMes)z  2.485(2) [85]

5. Silyl derivatives of copper—cuprates
5.1. Synthesis of silyl derivatives of copper

Lithium alkyl cuprates are important and versatile
organometallic reagents in organic synthdSi3]. Various
details of their reaction mechanisms and molecular structures
are, however, still not fully elucidated and therefore subject to
current investigationf94,95] NMR spectroscopy and ebul-
lioscopic measurements on cuprates with small organic lig-
ands showed that in many cases oligonuclear aggregates are
formed, their structures depend on the solvent and on the
stoichiometry of the reaction mixtuf®6—98] Monomeric
cuprates can be obtained by: (i) complexation of their alkali
metal counterions with appropriate crown etH&8; and by
(i) employing sterically demanding ligands that kinetically
stabilize these reactive spec[@90,101]

In contrast to the well-established cuprates with organic
ligands, few compounds are known with a—%lu bond.
Information regarding the structure and reactivity of these
silyl cuprates is thus still rather limited. Most of these silyl
copper compounds are produced by reaction of alkali metal
silanides, MSIR, with copper(l)halides, CuX (X = ClI, Br,

1), or copper(l)alkoxides, CuOR (R tBu), as shown in Eq.
(20)[100-106]
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»  M[CuOtBu(SiR3)]
M = Na, K; X = OtBu
SiR3 = Si(SiMe3);

CUX+MSRs ——  » MCU(SIRs)y] =———= [M(THF)s]" [Cu(SiRs),] (20)
M = Na; X=Cl M = Na
SiRs = SitBug 21 SiR3 = SitBus 22

i x—omons ™ LLidononnl” [Cu(SIRs)CUY)T

SiR3 = Si(SiMeg)s 23
Y = Cl,Br,Si(SiMes)3

21a: M = Na ; R3Si = tBusSi
21b: M = Na ; R3Si = (Me3Si)3Si
21c: M = K ; R3Si = (Me3Si)3Si
22: M =Na; R3Si=tBuzSi
23a: Y =Cl; donor = THF; 1=1; m=4;n
23b: Y = Br; donor= (Me3Si)3Si; 1= 1, m
23c: Y = (Me3Si)3Si; =7, m=6;n=1

4
3n=1

CuAr + E[Si(SlMeah]zT» ArCu=—E[Si(SiMe3)3], —O—>(Me38i)SiCu ~<E[Si(SiMe)3]Ar
=8n, Pb
Ar = 2,6-Mes,CgH3 25

@2n

Ar{(Me3Si)SIE=E[Si(SiMe 3)5]Ar =———==E[Si(SiMe3)]Ar + (Me3Si)SiCu
26

The synthesis of the supersilylated sodium cuprate
Na[Cu(StBugz),] was carried out from sodium supersilanide
NaSiBus and copper(l)chloride CuCl in tetrahydrofuran at
—78°C. Removal of the solvent in vacuo gave a solid residue,
which was first extracted with heptane and then with toluene.
The heptane extract yielded bright yellow crystals of the
cuprate21a while the solvent separated ion p&i2 crys-
tallized from the toluene filtratfL02]. The silyl derivatives
of copper25 and26 were prepared by the reaction of stan-
nanediyl or plumbanediyl E[Si(SiMgs3]2 (E = Sn, Pb) with
aryl copper CuAr (Ar = 2,6-MegCgH3), as depicted in Eq.
(21)[105].

Examples of synthesized and structurally characterized
compounds with a SiCu bond are listed inTable 6
The supersilylated cuprateédla and 22 are sensitive to
air and moisture and the supersilaiBi3SiH is produced
quantitatively when solutions o2la and 22 are treated
with a small amount of water. When exposed to air, ox-
idation of the supersilylated cupratedla and 22 pro-
ceeds with the formation of superdisilatBusSi—SitBus
[102].

tral core of lithium cuprate Li[CsCl4{Si(SiMe3)3}2] pos-
sesses a distorted tetrahedron structure of four Cu atoms
[100] with short distances resulting from bridging chlorine
atoms.

The crystal structure d&lais shown inFig. 4 [102] The
Si—Cu—Si unit deviates somewhat from linearity [bond an-
gle Si(1)-Cu—Si(2) = 175.26(5)] due to weak interactions
between Cu and Na. The distance between the Cu and Na
atom is 2.7393(18). The structure of21a features three
short CH—Na— contacts with an average-Ha distance of
2.576A. In addition, the Na atom is coordinated by one Cu
atom and two molecules of tetrahydrofur&ig. 5shows the
molecular structure @2in the crystal lattic§102]. Similar to
the isoelectronic compountBusSi)>Zn[78], the Si-Cu—Si
unit is perfectly linear. The GuNa distance of 7.08 in the
solvent separated ion pde is significantly longer than the
sum of the atomic radij80]. The Na atom is coordinated
by four O atoms, forming a slightly distorted tetrahedron
[102].

Only three neutral compounds with a-Stu bond have
been characterized by X-ray crystallography. The phos-
phane adduct R$iCu(PMe)s and the stannylene adduct
5.2. Structures of silyl derivatives of copper (MesSi)sSiCuSn[Si(SiMe)s]Ar (Ar = 2,6-MesCgH3) are

monomers while CuSi(SiMgs forms athree-membered ring

The heterocuprates M[CuBuUSI(SiMes)3] (M = Na, K, with average CuCu distances of 2.4021(A) [105]. The
Cs) consist of dimer.04] while the homoleptic cuprat&i Cu—Sibond lengths of structurally characterized silyl deriva-
and22 are monomers in the solid stgt02,104] The cen-  tives of copper are listed ifiable 6
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Table 6

Silyl derivatives of copper characterized by X-ray diffraction
Silanide Cu-Si (A) References
Na[Cu(StBuz)2]2 2.3581(3)/2.3638(13) [102]
Na[Cu(Si(SiMe)3)2] 2.2863(14)/2.2809(14) [104]
K[Cu(Si(SiM&3)3)2] 2.2988(13)/2.3001(13) [104]
Na[Cu(Si(SiMe)3)OtBu] 2.2347(11) [104]
K[Cu(Si(SiMe3)3)OtBu] 2.2259(2) [104]
Cs[Cu(Si(SiMe)3)OtBu] 2.230(2) [104]
[Na(THF)][Cu(SitBus),]2 2.307(2) [102]
PhsSiCu(PPh)3 2.340(4) [103]
[(Me3Si)zSiCul 2.350 av/2.492 av [105]

[LI][Cu 2(Si(SiMes)3)s]

[(2,6-MesCsH3)((Me3Si)3Si)Sn]-

[CuSi(SiMe&s)3]
[Li(THF) 4][CusCla(Si(SiMes)3)2]
[Li(THF) 3][Cu2Br(Si(SiMe3)s)2]
[Li7(OtBu)s][Cu2(Si(SiMe3)3)s]
[Li][Cu 2(Si(SiMes)3)s]

2.3551(12)/2.3033(13) [106]

2.22727(11) [105]
2.341 av [100]
2.266/2.406 [101]

2.313(3)/2.315(3) [106]
2.3551(12)/2.3033(13) [106]

Fig. 4. ORTEP drawing o21a

6. Silyl derivatives of transition metals

Fig. 5. Packing diagram &2.

7. Reactivity of silanides

The reactivity of silyl anions will be exemplified by the
silanides MSiBuzR (R =tBu, Ph) in the sections that follow.

7.1. Basicity

The alkali metal and alkaline-earth metal silanides

A huge number of hetereoleptic transition metal com- MSitBu,R (R = tBu, Ph; M = Li, Na, K, Mg, Be) and

plexes with silyl ligands are knowfl07]. Most of these
compounds are synthesized by addition of silaneSiR,

their donor adducts are extremely sensitive to air and mois-
ture. When solutions of the alkali metal and alkaline-earth

to reactive transition metal species (Eq. (22)). In contrast, silanides MSiBuzR (R =tBu, Ph; M = Li, Na, K, Mg, Be) in

few monoleptic transition metal complexes with-\8i bonds
have been structurally characterizBd0]. Many reviews

benzene are treated with a small amount of water, the alkali
metal or alkaline-earth metal cation is substituted cleanly by

have been devoted to hetereoleptic transition metal com-protons5,8,9].
plexes with silyl ligand$107].

ML, + HSIR;

R;Si

—_— /MLn

In the thermolysis of the sodium and potassium
silanides (THR)NaSiBu,Ph and (THF)KSBu;Ph in Dyo-
cyclohexane at 100C, NMR spectroscopy shows the silane
tBupPhSiH to be the main product (66%), while the formation
of tBusPhSiD was not observd@].
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7.2. Redox behaviour

The alkali metal silanides and their donor adducts are
strong reducing agents, whereas alkaline-earth silanides are

slightly weaker reducing agents. When exposed to air, oxida-
tion of MSitBuzR (R =tBu, Ph; M = Li, Na, K, Mg) proceeds
with the formation of the disilanetBu,RSi—SiRtBu, (R =
tBu, Ph) and the silanolates (siloxides) M@&iR (R =tBu,

Ph; M = Li, Na, K, Mg), according to Eq23) [8,9,108]

10MSiBuzR + 60,

—> 8MOS¥IBuzR + rBu;RSIi—SiRBup
—2MO»

(23)
The disilanesBu;RSi—SiRtBu, (R =tBu, Ph) are more
readily synthesized by oxidation, as shown in Ex):

2MSirBuzR + TCNE or 2Ag"

—  1BuyRSi-SiRBuy (24)

—TCNEZ~ or2Ag

Oxidation of the silanides M8u;R (R =tBu, Ph; M =
Li, Na, K) with AGNOs or TCNE proceed with the formation
of the corresponding disilanéBu,RSi—SiRtBu; (R = tBu,
Ph)[5,8,9,109] EPR spectroscopy measuremeftig(6) on
solutions of the sodium silanides N&&ii3 in tetrahydrofu-
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Fig. 6. EPR spectrum of the supersilyl raditBiizSi.

Otherwise, the reaction of4Pwith MSitBus (M = Li,

Na) and NaSBuyPh in a molar ratio of 1:2 leads to
the tetraphosphide®8 (tBusSi),P4sNay (M = Li, Na) and
(tBuxPhSipP4Nag,which dimerize in weak-polar solvents to
the sodium octaphosphid8s (tBusSi)4PsM4 (M = Li, Na)
and (BuoPhSiyPgNay [112,113]

In contrast, when P was treated with three equiv-
alents KSiBuz in tetrahydrofuran, the tetraphosphide
(tBusSi),PsK, and the octaphosphideBusSi)sPsK4 were
first formed as main products rather than the tetraphos-
phide (BusSi)3sP4K3. Surprisingly, after the reaction mix-
ture had been stored at ambient temperature for 3 weeks,
the resonances ofRusSi),P4K2 and (BusSi)4PsK4 were

ran that were exposed to dry air showed the presence of theno longer observable in th&P NMR spectrum and new

supersilyl radicatBuzSi [110].

signals were assigned to the pentaphosphile;Gi)sPsK 3

Up to nowithas not been possible to determinate the redox (34% of P atoms), the triphosphidtB(13Si)2P3K (42% of

potentials of MSiBuzR (R =tBu, Ph; M = Li, Na, K, Mg).

7.3. Nucleophilic addition

P atoms) and the monophosphitieusSiPK, (24% of P
atoms). Obviously, the potassium silanituzSiK trans-
forms slowly to the tetraphosphid&éB3Si),P4K2 and the
octaphosphidetBuzSi)4PgK 4 transforms intotBuzSi),PsK

One of the most interesting features of alkali silanides is and {BuzSi)3PsK2 [114].

their nucleophilicity. Silanides are isoelectronic with phos-

phines. Promising results have already been obtained in the

degradation of P with the silanides MSBuz (M = Li,
Na) and NaSBuyPh. The reaction of Pwith the silanides
MSitBus (M = Li, Na) and NaSiBuyPh at a 1:3 stoichiom-
etry led cleanly to the tetraphosphidéBu3Si)sPsM3 (M =
Li, Na) and (Bu,PhSixP4Nag (Eq. (25))[111]:

MSiR3

| (25)

M P~ M
RSP~ \PS|R

P

/N

p

+3 MSIR
3 (benzene)

27a: R3Si = tBuSi, M=Li, Na
27b: R3Si =tBu,PhSi, M=Na

However, the tetraphosphidéB(3Si)sP4Li3 features a

dimer in the solid state and can be transformed into the unsat-

urated triphosphidetBusSi),PsLi and the monophosphide
tBusSiPLiz (Eq. (26)):
Li
+ 3L|S|tBu3 PSitBus

/ k (benzene) L /P\ L

tBu3SiP

PSitBu,

P

/\\+ 2KSitBu; ————— (BusSi)P4Ky  +  (Bu3Si)sPgKs
y /P\P (tetrahydrofuran)

+ tBusSIK
- tBu3SIPK, @7
K,
BusSi—P  P-SitBus P
| | + tBu3Si—P\:/"\\;,P—SitBu3
P——FP KT
/
g
SitBug

As shown in Eq. (27), the silanide KiBiuz decomposes
to both phosphidestBusSi);P4K> and (BuzSi)4PgK4 by
the formation of the monophosphituzSiPKp, the triphos-
phide (BusSi),P3K, and the pentaphosphidiB(i3Si)sPsK 2.
Contrary to the lithium tetraphosphid®(3Si)sP4Li3 [111],
the potassium tetraphosphidB(3Si)3P4K 3 is unknown and

rt {Bu3SIPLiy
- . +
(THF) P

BusSIPL- \\;,F'SitBug
L

(26)
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the triphosphidetBusSi);,PsK may be produced via an in-
termediary tetraphosphide such t88u3Si),PsLi.

MSiR3 + NoO — MOSIR;
N2 323: R3Si = rBuSi
32b: R3Si = tBuyPhSi

(28)

Treatment of NO with one equivalent of M8u,R (R
= tBu, Ph; M = Li, Na, K) leads to the addition products
that were thermolized quantitatively intend MOSiBu;R
(R =1tBu, Ph; M = Li, Na, K). Therefore, the synthesis of
MOSitBuzR (R =tBu, Ph; M = Li, Na, K) according to Eq.
(28)is preferable to the oxidation of MEuzR (R =tBu, Ph;
M = Li, Na, K) with air because the siloxides MGBu2R (R
=tBu, Ph; M =i, Na, K) are obtained in high purity and very
good yield without disilan&éBu,RSi—SiRtBuy (R =tBu, Ph)
as a side produgt.05].

NaSiBus + RsSiN3 — R3Si—N=N—NNaSBus

—  NaN(SiR;)(SitBus)

N2 33a: RsSi= rBusSi
33b: R3Si = rBu,MeSi
33c: R3Si = tBuMesSi

(29)

In a similar way, the silyl amide33a-33ccan be obtained
almost quantitatively via triazenideg&N=N—NNaSiBus
from the reaction of sodium silanide NaBu3 with silyl
azides RSiN3 (Eq. (29)) [115]. This type of reaction is
known as the Staudinger reaction in the chemistry of iso-
electronic phosphines.

7.4. Nucleophilic substitution

Nucleophilic substitution reactions of alkali metal super-
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[116-118] However, the reactions betwetBu,PhSiNa and
EBr3 (E = Al, Ga) give substitution reactions orly19]:

NaSiPhBu; + CISiR3 N—>CItBU2PhSi—SiRg (30)
—Na!

R=Cl,Me

The reactions betweaBu,PhSiNa(THF) and SiCl, as
well as MgSiCl lead cleanly to the disilanéBu,PhSiSiCh
and tBupPhSiSiMg, as shown in Eq(30) [8]. Surpris-
ingly, the reaction oftBuzSiNa(THF) with ECl3 (E =
P, As) leads to the sodium disupersilyltriphosphenide,
tBugSi(Na)P—P=P3Bu3 [120], and the disupersilyltri-
arsenidetBusSi(Na)As—As=AsSiBusz [109], as shown in
Eq. (31):

M=Be, Znn=2,
E=P, As

7
N

M=Na,n=1,
E=P, As

2 Bu,SIECI, +MCl,

(tBu3Si),M + ECly 3

M +4 (BuSICl + 5MCI
E« -EL_.
BusSi” E” SitBus

This result demonstrates the high reduction potential of
alkali metal supersilanides. On the other hatByu{Si),Be
and (BuzSi),Zn react with element trichlorides BXE = P,

As; X=Cl, Br)to producéBuzSiEX; in highyield[121,122]

M=Mg,n=2

e
N

2 tBu;SiAIBr, +MBr,
(tBu3Si),M + AlBrg

(32

(tBu3Si)AIBr + 2MBr

silanides on element halides EXE = Al, Ga, In, Tl) often M=Na,n=1
occur with a reduction of E and the formation ofE bonds
M
P -M )
P " Npsi PSIR
tBugSIPZ "~ "~SPSifBug ReSI—R. . P-SiR, 3
™M \ M- /
p—pP M Pl M
ReSIP~ PSR,
29 28 27
RBS”'DR ------- M
M P Ly
RsSi—P.  P-SiRs i AN |\
| ! Ms----qm-= PSiR,
M M----|----- P |
N . ' SiRq !
/ AN , N 1
P P—! P
S|R3 \ : N :
SRs RsSi = 1Bu,Si, M=Li, Na, K
30 31 RsSi =tBu,PhSi, M=Na

Fig. 7. Supersilyl and diert-butylsilyl phosphanides.
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R
Si
4 NaSitBu, + tBu,SIBr,Si-SiBr,SitBu; ~———————= / \s\ +2 Bu3SiSitBu; + 4NaBr (33)
(tetrahydrofuran) RSi R \SiR
R = SifBu,
RSn SnR
NaSitBus + SniN(SiMes)zl, RenSOT L+ BusSiSitBug + NaN(Sibleg), 34)
(TBME)
Sn .
R R = SitBug
R t_BUZ . t_BUZ
S + EtySi"[B(CgF 5)al /s.\ +Li, Na, KCq M /s.\
] RSi. +,-,SIR RSiL. _ - SR (35)
) ) R = SitBuMe, AN R = SitBuMe, A4
RSi——SiR Si M = Li, Na, K Si
R R
37" 37

The reaction of sodium supersilanide with triel (group 13
element)[141] halides, EX, does not depend on the Si:M
ratio (1:1 or 2:1) and always produces the disupersilylated 8. Cyclic compounds with negatively charged Si
compounds,tBuzSi);EX [116]. However, one equivalent of  centers
the silanide BusSi);Mg(THF), reacts with EBg (E = Al,

Ga) to givetBusSIiEXz as depicted in Eqg. (32). Only the The first silole dianion salt was reported in 190@5].
monosupersilylated compountuzSiEBr, (E = Al, Ga) are As shown inFig. 8 several silole dianions with different

formed.tBuzSiAIBr; was isolated as the MgBadduc{116] counter ions have been structurally characterized. Also the
andtBuzSiGaBp as the THF addudi2]. silaindenyl 35 and the silafluorenyl dianion86a and 36b

On the one hand, it is an advantage to synthesize silylatedhave been synthesized.
compounds of the typeBusSi)EX,_| by reaction of group NMR spectroscopy and theoretical studies on silole dian-

2 or group 12 metal silanides with the appropriate element ions showed delocalization of the ring and equalization of
halides EX. On the other hand, reduction reactions of el- CC bonds in the ring. Silole dianions undergo nucleophilic
ement halides, alkoxides, or amides should be carried outreactions, single electron-transfer reactions, and polymeriza-
with alkali metal silanides, as shown in Egs. (33) and (34) tion to form polymers and copolymers with fluorescent and

[123,124](Fig. 7): electroluminescent propertifs25-134]
@ @ 2 u@ @ @ 2 M
34a: R=Ph, M = Li 35 36a: M =Li
34b: R = Me, M= Na 36b: M=K

34c:R=Et,M=K

M / {

OG) 2M®

Fig. 8. Silole dianions.
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Moreover, several anionic ring systems with more than  Very recently the cyclobutadiene dianion derivativis
one Si center have been studied in detail recently. Accordingand41 have been isolated and characterized by X-ray crys-
to X-ray diffraction analysis, the cyclotetrasilenidig"-37- tallography[139].
contains a non-planar Siing with n3-coordination of a Li
cation[135]. The cyclotetrasilenidki *-37~ undergoes one
electron oxidation by BSi*[B(CgFs)4]~ to form 37 which
also reacts with BSi*[B(CsFs)4] ~ to give the catior37*, as
shown in Eq. (36]135]:
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