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From aminosilane to iminosilane
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ABSTRACT

Lithium derivatives of aminofluorosilanes are stable at room tempesature and thus can be fully charac-
terized by NMR spectroscopy, crystal structure analysis, etc. Crystal structurc determinations prove that
lithiated aminosilanes can, depending on the solvent and the substituent, be regarded as LiF adducts of
iminosianes. LiF elimination leads to dimerizations and interconversions of the iminositanes formed. Lithiated
aminosilanes react like sitylamides as well as like iminosilanes. They are suitable precursors to iminosilanes af-
ter flucring-chlorine exchange.

A INTRODUCTION

Development of the molecular chemistry of multiple bond systems involving heav-
ier main group elements has to be regarded as one of the most fruitful recent innovations
in inorganic chemistry, in spite of the fact that such compounds were considered to be
unstable and synthetically inaccessible (Scheme 1).

The muitiply bonded systems of phosphorus, first prepared in the 1970s, are more
stable than those of silicon. Nevertheless, the first silaethenes [1] and disilenes {2] were
synthesized at the beginning of the 1980s and the first iminosilanes [3,4] were reported in
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Scheme 1,

the mid-1980s. The difference in electronegativity of $i (1.8) and N (3.0} gives the imino-
silanes an ylidic nature which makes them susceptible to oligomerization and
dimerization. However, monomers can be kinetically stabilized by the presence of bulky
substituents (eqn. (1)). In this review, we examine the methods of preparation for the
iminosilanes, their structural features and some of their chemistry.
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B. FLUOROSILANE ELIMINATION

Since the first stable iminophosphanes were prepared by the elimination of fluora-
trimethylsilane [5], we have atiempted to isolate an iminosilane using an analogous
method, To begin, we synthesized aminofluorosilanes with bulky substituents, for exam-
ple with {(Me,$i);C— and Me;Si(CMe;)N— groups at the silicon atom (eqn. (23).
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The fluorosilane-elimination occurred smoothly, but the unsaturated intermediate, which
may be an iminosilane or a silacthene, rearranges by a nucleophilic 1,3-methanide ion mi-
gration [6]. A four-membered (SiCSiN) ring is formed in contrast to the analogous reac-
tions with flucreboranes or phosphanes, which lead to the formation of iminchoranes and
phosphaethenes [6].

C. AMINOFLUOROSILANES

Salts are thermodynamically better leaving groups than halogenosilanes. For that
purpose, we have prepared aminohalogenosilanes and their alkali derivatives. We used
fluorine compounds because SiF-NH groups do not condense as easily as the chiorine
compounds. NH,-functional aminochlorosilanes of the type >SiCINH, are still unknown
today [7] (eqn. (3)).

CI:MES

el ot
MC; ?I '\H
F
4
+RL l-RH
CME:,
i
Me;C—?a—NxLi
F
5
(3)
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Me;C n H—hil
]
n=2(6}, 3(7), 4(8) Me3C-Si-CMe;
T
Me;C—Si—N(H
Me:
g

The aminofluorosilane (CMe;),SiFNH, (4) shows no tendency to condense either
with HF- or with NH;-elimination, and forms stable alkali derivatives. At temperatures
higher than 70°C the lithium salt (5) forms four- (6), six- (7), and eight-membered rings
(8) via Li-F elimination. Their size can be influenced by the reaction conditions. The
chain compound 9 is the direct precursor of the six-membered ring 7 [B).
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Fig, 1. Crystal structure of 9.

The YF NMR spectrum of 9 shows an unusually large coupling
(*J(FSINH) = 15.5 Hz). Therefore, we expected the molecule to form a cyclic structure
with an intramelecular a-@ H-F-bridge. Instead, van der Waals F-F distances of
313.9 pm were found for the first time in an NSiF compound (Fig. 1). The six-membered
(SiN);-ring (7} is planar while the eight-membered (SiN),-ring (8) shows 2 maximum de-
viation from the plane of 26 pm but is the most planar eight-membered (SiN), ring [7]
known so far.

D. LITHIUM DERIVATIVES OF AMINOFLUQROSILANES

The high reactivity of the lithiated aminofluorosilane 5 allows the step-by-step syn-
thesis of numerous bis and tris-flucrosilylamines and chain compounds [2]. With an aim
towards salt eliminations, we were especially interested in NH-functional bis(silyljamines.
In order to understand their reactions, we isolated their lithium derivatives and carried out
extensive crystal structure investigations (Scheme 2).

Essentially three factors determine the structural make up of the tithium derivatives:

{1} A common feature is that the Lewis acid lithium prefers to bind the Lewis base flue-
rine.

(2) The structure is influenced by the presence or absence of solvent bases which can
coordinate lithium.

l? R | effect
N alkyl +
N .
')si: P silyt |+ J, -M
aryl - M

B: thf, tmeaeda, 12-crown &4

Scheme 2.
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N3

Fig. 2. Crystal structure of [(CMe;),SiFNHLi{tmeda),], {5). Si-F 164.3 pm, Si-N 167.2 pm, N-H
82.2 pm.

(3) The decreasing basicity of the nitrogen in the series of lithium derivatives with
R = alkyl, silyl, aryi finally teads to rupture of the Li-N bond.

In general, the lithium derivatives show long Li-N and Si-F and short Si-N dis-
tances with large angies at the nitrogen atom. A selection of structure determinations ilius-
trates these features. Figure 2 shows the crystal structure of the only lithinm derivative of
a NH,-SiF compeund characterized so far [7]. The compound crystallizes from tmeda as
a dimer containing an (LiN); four-membered ring. Lithium is bonded exclusively to the
nitrogen atoms of the aminofluorosilane and of the Lewis base tmeda. This is the only
example in this class of compounds in which lithium is neither intramolecularly nor in-
termnolecularly bound to fluorine. Since the dimer contains a twofokd axis of symmetry
rather than an inversion centre, both nitrogen bound bydrogen atoms are located on the
same side of the (LiN), four-membered ring.

in the next example, hydrogen is replaced by a tert-butyl group (Fig. 3). No donor
solvent was used. The basicity of the nitrogen is still strong enough for the molecule to
dimerize across 2 four-membered (LiN),-ring, but lithium is also bound to fluoring to give
a fricyclic compound. The result is a longer Si-F bond (166.0 pm) and a shorter Si-N
bond (165.7 pm) than in the previous molecule. In this compound, the lithium atom seems
to be only three coordinate, but according to the X-ray structural analysis, there are short
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Fig. 4. Crystal structure of [{CMes},SiFLINCMe;], - thf (1),



S. Waiter and U. Klingebiel / Coord. Chem. Rev, 130 (1994) 481-508 487

RN

— 3CC, gaminal

30,1452

£ogedly @

oC.C.

400 38.0 r
PPM

$iC geminal

S
.

S

75 70 65 60 85 50 45 40 35 30 25 20 15 (0
PPM

Fig. 5. Solid state 13C NMR spectra of ¥1.

lithiwum—methyl distances of only 212 pm {11)]. This compound adds one molecule of thf
per dimer when crystaliized from thf. A bicyclic compound is obtained with fourfold
[F,Li(thf)N] and twofold [NLiN] coordinated tithiam [12] (Fig. 4). In the solid state, the
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Fig. 6. Structure of 11 in solution.
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Fig. 7. Crystal structure of [(CMe;), SiFLi(thf); NSiMe,CMe; (12).
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Fig. 8. Crystal structure of (Me,CH) SiFLi{thf)aNCgHy{CMea); (13).
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molecules are made up of two different moieties. The Si(1)-N(1) bond length (162.7 pm)
in the six-membered ring is typical of an Si=N- double bond. This part of the molecule
can be interpreted as an iminosilane. The Si(2}-N(2) bond (168.1 pm) of the four-mem-
bered ring is 5.4 pm longer and is viewed as an aminosilane, The "Li and solid state 1*C
NMR spectra confirm the asymmetry of 11 (Fig. 5). NMR spectra in sohition show an
equilibration of the H, C, F and Si atoms, consistent with fluctuation of the Li{1}-N(1)
and Li{1}-N(2) bonds {12] (Fig. 6).

in molecule 12 (Fig. 7), the substituent bound to nitrogen is a silyl group and de-
crease in the basicity of the nitrogen centre aflows for the formation of a monomer, The
crystal structural analysis shows a four-membered (SiNLiF)-ring with the lithium coordi-
nation sphere satisfied by two thf molecules [13].

When the substituent attached to nitrogen is aromatic, as in 13 (Fig. 8), the further
decrease in the basicity of the nitrogen atom leads to a complete rapture of the Li-N con-
tact. Lithium now has migrated completely to the stronger Lewis base fluorine. The result
is a short Li—F bond (182.2 pm} and a long Si-F bond (168.6 pm). The Si=N- double
bond length is 161.9 pm and the Si-N-C angle of 172.1° is typical of an imine [14].
Therefore, this molecule must be considered as an LiF-adduct of an iminosilane.

The examples show that the strong Lewis acid lithium strives to bind the strong
Lewis base fluorine, consistent with the Pearson concept. Weaker Lewis acids such as
sodium in compound 14, favours a weaker Lewis basic nitrogen [15] (Fig. 9). When 13 is

Fig. 9. Crystal structure of CMe;Si(Me)FNNa(thf);NCgHo(CMes)s (14).
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Fig, 10. Crystal structure of (Me;CH),SiCINLIthf),CHp(CMes), (15).

converted into the lithiated aminochlorosilane 15 (Fig. 10), tithium is bound to nitrogen,
which is now the strongest and therefore most atiractive Lewis base in the molecule [14].

The following compounds were selected to illustrate the influence of further Lewis
bases in the molecule on the structure. Figure 11 shows the lithium derivative of the
bis(fluorosilyljamine 16 recrystallized from thf. The coordination sphere of the lithium is
made up of the two flucrine atoms and twe thf molecules. Thus, the lithium atom brackets
the skeleton of the molecule to form a planar six-membered ring. This geometry forces
the tert-butyl groups into eclipsed positions. But despite this steric compression, the ni-
trogen atorn is shifted towards the lithium atom due to electrostatic interaction. The result
is an almost linear Si-N-8i unit in the ring with nitrogen sp hybridized, Again there are
Si-N distances (163.6 pm) which lie in the range of double bonds [10]. Another interest-
ing feature is that the 7Li NMR spectrum shows 2 triplet at room temperature with an LiF-
coupling of 15 Hz indicating lithium is coordinated to fluorine even in solution. The in-
fluence of the donor solvent is illustrated when compound 16 is recrystallized in the pres-
ence of 12-crown-4 [10]. The crystal structure shows a free amid (17, Fig. 12) and the
lithium centre is coordinated by two crown ether molecules and is formally eight-coordi-
nate. There are no other contacts between the ions. Since the lithium atom no longer
brackets the fluorine atoms, the tert-butyl groups become staggered and steric compres-
sien is minimized.
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Fig. 12. Crystal structure of [(CMe3),SiF];NOLi®(12 crown-4), (17).
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Fig. 13. Crystal structure of {(CMe3);SIFLIN(CHMe,),08iMe], (18).
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Fig. 14, 298] NMR spectrum of 18 in hexane and thf,
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The last example is the lithium derivative of an aminofluoresilane containing ¢hree
different Lewis bases, fluorine, nitrogen and oxygen (18, Fig, 13) ail of which are bound
to lithium [16]). Most remarkable is the shorimess of the Li-F bond, which is only
179.6 pm, the shortest observed so far in a covalent lithium compound. The strong Li-F
interaction even exists in solution if the solvent is not polar, The 9F NMR spectrum
shows a quartet and the lithium spectrum a doublet with a coupling constant as high as
95 Hz (compare 16), the largest LiF coupling reported to date, The shortness of the Li-F
bond may account for the fact that lithium is only three coordinate. The sum of the angles
is 357° indicating lithium is sp? hybridized. The Si(1}-N bond {(163.6 pm) is again in the
range of a double bond, the SiNSi angle is wide (155.6°) and the Si-F bond is long
{168.0 pm). Therefore, we interpret this molecule as a dimer of an iminosilane Li-F ad-
duct. The crystais for this structural analysis were eblained from hexane and it is interest-
ing that crystals obtaired from thf yielded an identical structure. Obvicusly lithium does
ot require saturation of its coordination sphere in the solid state even if there is a Lewis
base available. This was a surprising result to us because the NMR spectra of the com-
pound in thf was significantly different to that obsetved in hexane [16].

Figure 14 shows a comparison between the 2Si NMR spectrum of 18 in hexane and
in thf. Most remarkable is the fact that the chemical shift and the coupling constant of the
SiF group are unaffected by the solvent. However, in thf, the other two signals are shifted
considerably upfield: the (NSiO) group from é —11.7 to —24.3 ppm and the siloxy group
from 8 9.3 to —1 ppm. This shows that the coordination of the lithium atom by oxygen and
nitrogen is replaced by thf, but not the coordination by fluorine. So this Li-F adduct of an
iminosilane must be a monomer when dissclved in a Lewis base. The crystal structure
determinations prove that lithiated aminofluorosilanes can be regarded as LiF adducts of
iminosilane depending on the solvent and the substituent. Therefore, these molecutes
should be suitable precursors for free iminosilanes.

E. REACTIONS

The high reactivity of lithiated aminofluorosilanes has lead to the synthesis of a
number of interesting compounds. Some characteristic reactions are presented below with
elements er compounds of Groups Ilia to Via.

(i} Characteristic reactions with compounds of Groups ilia to Via

{a} Group Iila
The products of the reaction of aluminium halides with lithiated aminofluorositanes
depend on the reaction conditions:

(1) a dimeric AiCl; compound is obtained if AICL is added to a lithium salt of an amin-
ofluorosilane in non-polar solvents (eqn. (4)). Hydrolysis of 20 leads to the formation
of 2 dimeric iminoalane and a fluorosilanol [17].
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(2) If the two agents are mixed in the reverse order, a monomeric disubstituted product is
obtained {egn, (5)) [18].

?ME5
CMe; F N
! LMe 1
Mesc__'sli_'_N.\L. 3 o+ /2 Alzcls Me;C: i/ NS N i:CMes
I - i M N 7

! 2 Licl e3CT Ny LN 77 Ces (5)
10 CMe;s

21

The molecular structure of 21 with bridging fluorine atems, allows the interpretation
of the molecule as an AICIF; I:2 adduct of an iminosilane. Aluminium is five coordi-
nate on account of its Lewis acid charaeter, and the geometry of the nitrogen atoms is
planar (sum of the bond angles around N(1) and N(2} 3594 and 359.0° respec-
tively).

(3) The reaction of 10 with ALCl, in ether leads to the elimination of LiF and formation
of a 1:1 adduct of the iminosilane with AICI, {eqn.{6}). The partial zwitterionic char-
acter is supported by the low-field 2Si NMR chemical shift (¢ 50.4 ppm). The 27Al
NMR shift (8 107 ppm) is typical of a four coordinate aluminium centre. Hydrolysis
of 22 produces the aminoalane 23 {eqn. {6)), a compound in which an AICl; unit is
preserved, and the cyclic siloxane [(CMe;),Si0); [18]). Formation of 23 supports the
interpretation of 22 as an iminosilane adduct. Compound 22 is thermaily unstable and
decomposes to an adduct of the azomethine 24 with AlCI; and the four-membered
(SiC)yring 25 [19].

?M33
N
10 /2 Al MesC g N o +H,0
e Si. AICl; -——<—= MesCNHyAICI
LF MesC o - 1¢zsio) S
3 Cl 3 3 ©6)

22 23
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Experiments to synthesize iminosilane adducts (tike 22) by cleavage of Si-N -rings
such as 26 gave the adduct 27. Hydrolysis of this compound gave the first cationic
Si-N-rings with protonated nitrogen and correspondingty very long Si-N single
bonds (eqn. (8)). The Si—N bonds in 28 (179.2 pm) are significantly longer than in 26
(1747 pm), i.e. they are weakened due to the sp® hybridization of the nitrogen centre
[20] (Fig. 15).

cun

cii2

Fig. 15. Crystal structure of 28,
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Equation {9} shows selected reactions of lithiated aminofluorositanes with com-
pounds of Groups IVa and V. In reactions with fluerosilanes, the high reactivity of the
lithium salts allows the synthesis of very bulky molecules with a frozen Si-N bond at
room temperature.

CIEMe_;
Me3C—i-N-Si-
Li F

! >
+FSi- FUF +1/35nCl[-LiCl  +FaP- | -LiF, -F5Si<

MesC ¢ . /CM‘-'; C\HM?__z CMe; ©®
FSi ~sid ~sj S MesC—Si—N=P
?‘\ - R 7 \ ™ \
MesC | MesC  N° crMe, F N-Ches
-2 ?I"I SiMe,;
cl
29,30 [9} 3 32

Tris(fluorosityl)amines with three different silyl groups were synthesized in stepwise re-
actions [9]. In these compounds, the nitrogen atom is so often voluminously substituted,
that a rotational barrier is observed by NMR spectroscopy at room temperature and even
above. The influence of temperature on the Si-N bond rotation is illustrated by the 'F
NMR spectrum of 29 [5].

Above 63°C, the SiF groups are equivalent see (Fig. 16(2)), and the spectrum is first
order. Below that temperature (Fig. 16(b)), two of the three Si-N bonds are frozen. At
—20°C, the fluorine atoms of the SiF, groups are still equivalent, implying that there still
must be a rotation of the N-SiF, bond. However, at —100°C (Fig. 16(c})), the flucrine
atoms of the SiF, group show two chemical shifts with a coupling constant of
2 J(FF) = 42 Hz. Only the fluorine atom of the SiF group B couples with one fluorine atom
{X) of the SiF, group C. The *XFF) coupling is very large indicating a strong interaction
between these two fluorine atoms, which was confirmed by the crystal structure analysis
of 29 (Fig. 17) [91. The non-bonding F(2}-F(3) distance (in the spectra F(B) and F(X)) is
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Fig. 16. 19F NMR spectrum of [(CMe3),SiF[,NSiF;CeHs (29).
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very short (289 pm) and the Si(1)F group is in a trans-position, while the Si(2)F group is
in a cis-position to the SiF, group. Compound 29 shows only one conformer, whereas the
compound [{CMe;),SiF],NSiF; 30 {9] shows two in the 2Si NMR spectrum, with two
quartets for the SiF, group (Fig. 18). We concluded that the tnolecule forms a
symmetrical (I} and a non-symmetrical (1) isomer. In the symmetrical molecule (I), the
SiF; group couples with both fluorine atoms of the SiF groups. Therefore, a quartet of
triplets is observed. In the non-symmetrical molecule (II), the SiF; group couples with
only one SiF greup, which leads fo a quartet of doublets.

Lithiated aminofluorosilanes react with MCl, (M = Si, Ge, Sn) to give compounds
of the type >8iF-NR-MCIi; (R = akkyl, ary], silyl) [2], 22]). An intermolecular F/CI ex-
change occurs with alkyl- and arylamino compounds (egn. (10)).

R
&
? ™siCls R = alkyl, aryl
F/Cl (10)
R
SN
[ SiClyF

The halogeno exchange depends on the substituents, the solvents and the temperature and
is proved by crystal structure determinations [22]. Bulky aminoflnorosilyl ligands stabi-

Fig. 17. Crystal structure of 29.
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lize elements in low coordination. So the lithium derivative of the bis{flucrosilyljamine
16 reacts with 8aCl, to give the first bis{(fluorosilyl)amino-chlorostannylene 31 {eqn. (9)),
a compound with a covalent Sn'-Cl bond {23] (egn. (9)).

fc) Group Va
Halides of phosphorus and arsenic react with lithiated aminofluorosilanes to give
substituted flucrosilylamines [23] (eqns. (9),(11)). Depending on the bulkiness of the lig-
ands, halosilanes are cleaved off and four-membered rings or aminoiminophosphanes are
formed. Compound 32 (eqr. (9)) is the first SiF-functionalized iminophosphane.

*lﬁ? (RN-MF),
L. | Rsic M= P

~S§i-NJ, . —

|!‘ ~Li (an
+FaPN(SiMe

20N(SIMes)2 e e3Si-N=P-NZ}

F2SiK SiMe;
'“SiMe;

In the case of R = aryl a 1,3-migration of a silyl group from the silyl- td the arylamino-ni-
trogen is observed in these reactions [23].
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(d} Group Via
Lithium derivatives of aminofluorosilanes, for example 10, react with sulfur or se-
lenjum to give bis(fluorosilyl)aminosulfanes and selanes, respectively {eqn. (12)). The
trisulfane 33 crystallizes from n-hexane and exhibits a helical structure (Fig. 19) {24].

CMey MesC F
+58 !_ i I_
10 —*Me;CSwF-—S;N—?:——CMe;
CMes  CMes (12)
n =23 (33)

(ii) Addition reactions

Products of many reactions prove that lithiated aminofluerosilanes indeed react ke
iminosilanes [11,16,25,26] {Scheme 3). For example, insertion products are obtained in
reactions with H-acid compounds and silanols, silylethers, thicethers and acetylenes are
formed [25]. (2+2)-Additions cecur in reactions with iminophesphanes and SiN,P-rings
are formed. Carbodiimides, sulfur diimides and azomethines are obtained with iso-
cyanates, thionylamides and aldehydes [11,16,25]. These reactions are analogous to
Wittig reactions. In the reaction of a f-unsaturated ketones with lithiated aminofluorosil-

Fig. 19, Crystal structure of 33,
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anes, LiF is eliminated and (2+4)}-cycloaddition to the intermediate iminosilane is ob-
served [25]. The photochemical reaction of a lithiated aminofluorosilane with Cr{CO},
leads to substitution of one or two carbonyl oxygen atoms and formation of isonitrile
complexes. The crystal structure of the disubstituted product cis-diftert-butylisoni-
trile}tetracarbonylchromium {34) has been determined (Fig. 20) [26].

1, CMB; "
& N,CMe.s +Cr(C0)s —Si—N~ —=—= MesCNCCr(CO)s + = ( 2Si-0),
—a . —_——

TL -LiF 0-—CCr(COYs

{13)
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Fig. 20. Crystal structure of {(Me;CNC),Cr{CO), (34).

$i(1)-0(1)=168.6 pm O(1)-Si(1}-N(1): 80.0°
N(1)-C(1)=147.0 pm
Si{1}-N(1)=172.3 pm
C{1)-0(1)=145.6 pm

Fig. 21. Crystal structure of CeHsCH(NCMeJOSH{CMea); (35).
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Fig. 22. Crystal structure of [(Me,CH),Si-NCH,{CMe;3)], (36).

In the reaction of 10 with phenylaldehyde, a stable {(SINCQO) four-membered ring (Fig.
21) is formed [27].

(iii} Elimination of LiF

Is LiF a good thermodynamic leaving group? Because of the strong Si-F bond,
lithiated aminoflucresilanes are ofien very stable and can be purified by distillation,
Therefore, attempts to eliminate LiF lead to dimerization or rearrangement of the formed
polar iminosilane. Let us focus on some reactions starting with the lithiated arylamino-
fluorosilane 13. Afler LiF elimination, the resulting dimer is an asymmetric stretched
four-membered ring (Fig. 22) with the longest Si-N bonds observed in a ring so far [11].
The CC,-isopropyl groups are twisted. These features indicate that the limits of dimeriza-
tion have been reached. Silylamino groups stabilize elements in low coordination. They
should reduce the polarity of the system >Si®-_NE- and because of the bulkiness of the
substituents, dimerization of the iminosilane should not occur easily. However,
bis(silyl)amino-organyliminesilanes cyclize with 1,3-migration of a silyt group from one
nitrogen atom to the other (Scheme 4).

The sily] group migration can be explained by the propensity of silyl groups to be
bonded to the more negatively charged atom. SN NMR measurements prove that the
electron density at the nitrogen centre is smaller in the silylimine than in the organylimine.
The isomeric silyliminosilanes dimerize (eqn. {14)), and the 1,3-silyl group migration in
such systems is proved by a crystal structure determination of 37 (R = ‘Pr) [28).

If the size of the substituents is increased even further, another surprising ring clo-
sure occurs (eqn. (15)).

I
Me;Si\N/SiQN_hR — /,Si\N,R
MesSi.  f Me3Si” SiMe;

-

Scheme 4,
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The product is an Si;N,-ring [29,30], the formation of which can be explained by a nu-
cleophilic 1,3-rearrangement of a methanide-ion at silicon. The cyelic ylide is formed be-
cause the two nitrogen atoms are identically substituted and a silyl group migration would
be without energy profit in such a molecule. The investigations show that the high stabil-
ity of the lithium derivatives of aminofluorosilanes and their mostly covalent character are
responsible for the fact that many of those with bulky substituents can be distilled or sub-
limed in vacuo without decomposition. Therefore thermally enforced LiF elimination
leads to dimerization or rearrangement of the free iminosilanes. A thermodynamically bet-
ter leaving group had to be found.

One of the remarkable features of lithiated aminofluorosilanes with bulky substitu-
ents is that they do not undergo substitution with Me;SiCl but with formation of Me,SiF.
That is, an intermolecular fluorine-chlorine exchange takes place [4,14,31] (eqn. (16)). A
Lewis base, such as thf, is required. As was proved by structural analyses, the coordina-
tien of the lithium to Lewis bases has the following effects [11,13,14]: (1) clongation of
the Li-N bond; (2) shifting of the lithium towards fluorine; (3) lengthening of the Si—F
bond. Therefore, the formation of the Si-F bond in Me;SiF is favoured energetically.
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The lithium-aminochlorosilanes are thermally far less stable than the analogous
fluorine compounds [4,31]. LiCl-elimination leads to the formation of iminosilanes.
Stable and uncoordinated iminosilanes are formed with a 2,4,6(CMe;);CgH, group bond-
ed at the nitrogen atom [4,11]. Two examples show how differently substituted imino-
silanes stabilize themselves. Iminosilanes with siloxy groups [16] bonded at the nitrogen
centre form rings {eqn. {17}).

CMe; CHMe,
i ot 1
Me3C—Sl=N-?I—CHMez
|Q—SEM85
CMCJ ?HMEZ
_ — Me;c_’?i_N=Si"‘CHMEZ
M%Si‘?D MeSi~0
M e N
ezHC ?l ’I:IJSll CMey an
ﬁ CME;:. M
Mes Hg\z fgﬁz
MesSIO  Si_ CMes

Me;C—Si—N N—Si"'CMea
7 AN . Y
Me;C Si OSiMe;
HC CH
Mez M32
39

According to the crystal structure determination of 39 (Fig, 23), the formation of this
compound involves an intermolecular isomerization of the intermediate iminosilane fol-
lowed by dimerization [16], which can be regarded as a Lewis acid-base reaction.
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AT SH2)

Sdlal ) on
A

Fig. 23, Crystal structure of 39,

However, if the isopropyl groups in 39 are replaced by tert-butyl groups and the siloxy
groups replaced by methyl groups, the unsaturated silicon atom adds the solvent base (e g.
thf) which had previously been coordinated to the lithium atom, to give a silyliminosilane
40 (Fig. 24, Scheme 5). This remarkably stable compound could be separated from LiCl

Sith

Nl

CI52i

Cisy (33

Fig. 24. Crystal structure of 40.
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CMes CMes
MesC—Si=N—Si-Me
thf CMe;

Scheme 5.

by distillation in vacuo without decomposition and without loosing thf. In the course of
the distillation, it crystallized again, In the 13C NMR spectrum of 40, the C,0 signal of
the thf molecule appears at 73.78 ppm, a downfield shift of nearly 6 ppm compared with
the non-bonded thf. This reflects the strong Lewis acid character of the intermediate tri-
coordinated silicon atom. Comparison of the 25i NMR shifis of the free iminosilanes
known so far shows that the unsaturated silicon atom is a stronger Lewis acid in the silyl
substituted compounds [6(?°Si) ~78 ppm] [3] than in the aryl substituted derivatives
[6(2°S1) ~60 ppm] [4,11).

This explains why the same tnethod of synthesis leads to addition of the Lewis base
thf in the case of 40 while the ary! substituied free iminosilane is unaffected.

F. SUMMARY

Lithiated aminofluorosilanes can often be regarded as LiF-adducts of iminosilanes
on the basis of their structures. They react like silylamides as well as iminosilanes. They
are suitable precursers to iminosilanes after fluorine-chlorine exchange, but it is not al-
ways necessary to isolate the iminosilane because the lithinm derivative often reacts in the
same way.

REFERENCES

i A.G, Brook, F. Abdesaken, B. Gutekunst, G. Gutekunst and R K. Kallury, J. Chem. Soc.
Chem. Commun., (1981} 191. For reviews on the chemistry of silenes, se¢ the following:
A.G. Brook and K.M. Baines, Adv. Organomet, Chem., 25 (1986) 1; G. Raabe and J. Michi,
Chem. Rev,, 85 (1985) 419; N. Wiberg, 1. Organomet. Chem., 273 (1984} 141.

2 R. West, M,1, Fink and I, Michl, Science, 214 (1981} 1343. Reviews: R. West, Angew.
Chem., 99 (1987) 1231; Angew. Chem., Int. Ed. Engl., 26 (1987) 120]; T. Tsumuraya, S.A.
Batcheller and S. Masamune, Angew. Chem., 103 (1991) 916; Angew, Chem., Int. Ed. Engl,,
30 ¢1991)902.

3 N. Wiberg, K. Schurz, G. Reber and G. Milller, I. Chem. Soc. Chem. Commun., {1986) 598.

4 M. Hesse and U. Klingebiel, Angew. Chem., 98 (1986) 638; Angew. Chem., Int. Ed. Engl.,
25 (1986) 649. _

5 E. Niecke and D, Gudat, Angew. Chem., 103 {1991} 251; Angew. Chem., Int. Ed. Engl., 30
{(1991) 217,

¢ M, Haase and U. Klingebiel, Angew. Chem,, 97 {1985} 335; Angew. Chem., int. Ed. Engl,,
24 (1985) 324; M. Haase, U. Kiingebiel, R. Boese and M. Polk, Chem. Ber., 119 (1986)
1117.

7 T. Kottke, U. Klingebiel, M. Noltemeyer, {. Pieper, S. Walter and D. Stalke, Chem, Ber,,
124 (1991) 1941.



508

==

10

12
13
4
15
16
17

19
20

21
22

23

24
25

26
27
28
29
30
3

S. Walier and U. Kiingebiel / Coord. Chem. Rev. 130 (1994) 481-508

U. Klingebiel and N. Vater, Angew. Chem., 94 (1982) 870; Angew. Chem., Int. Ed. Eng)., 21
(1982) 857.

S. Walter, U. Klingebiel, M. Noltemeyer and D. Schmidt-Bise, Z. Naturforsch., 46b (1991)
1149,

U. Pieper, 8. Walter, U. Klingebiel and D. Stalke, Angew. Chem., 102 (1990} 218; Angew.
Chem., Int. Ed. Engl., 29 (1996) 209,

D. Stalke, N. Keweloh, U. Klingebiel, M. Noltemeyer and G.M. Sheldrick, Z. Naturforsch.
42b (1987) 1237.

D, Stalke, U}, Klingebiel and G.M. Sheldrick, }. Organomet. Chemn., 344 {1988) 37,

U Klingebiel, D. Stalke and 8. Vollbrecht, Z. Naturforsch., 47b (1992) 27.

R. Boese and U. Klingebiel, J. Organomet. Chem., 315 (1986} C17.

D. Stalke, U. Pieper, 8. Volibrecht and U. Klingebiel, Z. Naturforsch., 45b (1990) 1513.

S. Walter, U. Klingebiel and M. Noltemeyer, Chem. Ber., 125 (1992} 783,

W. Clegg, M. Haase, U, Klingebiel, I, Neemann and G.M. Sheldrick, J. Organomet. Chem.,
251( 1983) 281.

W. Clegg, U. Klingebiel, J. Neemann and G.M. Sheldrick, J. Organomet. Chem., 249 (1983)
47.

U. Klingebiel and D. Schmidt-Bése, unpublished.

U. Kliebisch, U. Klingebiel, D. Stalke and G.M. Sheldrick, Angew. Chem,, 98 {1986) 921;
Angew. Chem,, Ini. Ed. Engl., 25 (1986) 915.

E. Helmers, M. Hesse and U. Klingebiel, Z. Anorg. Allg, Chem., 565 (1988) 81.

S. Schiitte, F. Pauer, U. Klingebicl, D. Stalke and G.M. Sheldrick, Z. Anorg. Allg. Chem.,
582 (1990) i51.

S. Walter, Dissertation, Gottingen, 1991; J. Neemann and U. Klingebiel, Chem. Ber., 114
(1981) 527.

U. Kiingebiel, F. Pauer, G.M. Sheldrick and D, Stalke, Chem. Ber,, 124 (19%1) 2651,

U. Klingebiel, Chem. Ber., 111 {1978} 2735; U. Klingebiel, D. Bentrnann and 1. Neemann,
Z. Anorg. Allg. Chem., 447 (1978) 143; U. Klingebiel and D. Bentmann, Z. Naturforsch.,
34b {1979) 123; J. Neemann and U. Klingebicl, Liebigs Ann, Chem., {(1980) 1978,

W, Clegg, U. Klingebiel and G.M. Sheldrick, Z. Naturforsch., 38b (1983) 260.

S. Vollbrecht, U, Klingebiel and D. Schmidt-Biise, Z. Naturforsch., 46b (1991} 789,

W. Clegg, U. Klingebiel, C. Krampe and G.M. Sheldrick, Z. Naturforsch. 35b (1980) 275.

U. Klingebiel and A. Meller, Z. Naturforsch., 32b (1977) 537.

U. Klingebicl and A, Meller, Z. Anorg. Allg. Chem,, 428 (1977) 27.

S. Walter, U. Klingebiel and D. Schmidt-Biise, J. Organomet. Chem,, 412 (1991) 319.



