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[(Trimethylsilyl)methyl]sodium [NaCH2SiMe3] (1) was pre-
pared by a metathesis reaction of [(trimethylsilyl)methyl]lith-
ium [LiCH2SiMe3] with sodium tert-butoxide in n-hexane.
Polydentate donors such as N,N,N�,N�-tetramethylethyl-
enediamine (TMEDA) and N,N,N�,N��,N��-pentamethyldi-
ethylenetriamine (PMDETA) form n-hexane-soluble com-
plexes of 1 and the potassium congener [KCH2SiMe3] (2).
The crystal structures of the polymers [(TMEDA)NaCH2-
SiMe3] (1a) and [(PMDETA)KCH2SiMe3] (2a) were deter-
mined as infinite helical chains exhibiting 31 or 32 screw-axis

Introduction

Compared to the widely used organometallic compounds
of lithium[1] and magnesium,[2] the alkyl compounds of the
heavier alkali metals (Na–Cs) are much less frequently em-
ployed in organometallic and organic chemistry. Efforts
have been made to develop the organometallic chemistry of
sodium and potassium,[3] and many examples are reported
of their successful use in synthesis.[4] However, the prepara-
tion and characterisation of these highly polar (more so
than lithium or magnesium) compounds is complicated by
several possible side reactions, including most notably met-
alation of the organic solvent,[5] β-elimination[6] or self-met-
alation.[7] Their preparations could be achieved in aliphatic
hydrocarbons through halogen/metal exchange[8] (direct
synthesis), reaction of alkylmercury compounds with alkali
metals (transmetalation)[9] or reaction of alkyllithium com-
pounds with alkali metal tert-butoxides (metal/metal ex-
change).[10] Because of their low stability and low solubility
in hydrocarbons, few alkylsodium and -potassium com-
pounds have been structurally characterised. Only the poly-
meric structures of compounds of simple alkyl groups, such
as methyl- and ethylsodium as well as methylpotassium
could be identified by powder diffraction.[11] More struc-
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symmetry. Compound 2b was obtained as the donor-deficient
heterocubane pseudotetramer [(TMEDA)3(KCH2SiMe3)4],
with intermolecular interactions of the TMEDA-uncoordi-
nated potassium atom with a peripheral methyl group of a
neighbouring tetramer to form infinite chains. The relatively
easy accessibility and stability should make these (trimethyl-
silyl)methyl compounds of sodium and potassium valuable
starting points for further exploration of the chemistry of
these common-utility heavier alkali metals.

tural information is known for alkylsodium and -potassium
compounds with more stabilising modified/functionalised
alkyl groups (see Table 1), such as benzyl,[12] diphenyl-
methyl,[12,13] triphenylmethyl,[14] bis(trimethylsilyl)-
methyl,[15,16] tris(trimethylsilyl)methyl,[17,18] and phenylbis-
(trimethylsilyl)methyl.[19] Structural motifs which can be
found in this group of compounds range from solvated
monomers,[14] solvated dimers,[13] separated ion pairs,[17]

solvated tetramers,[12,16b] chains,[15,18a,19] and solvated
chains.[16a,16b,18b]

Table 1. Structural types of selected alkylsodium and -potassium
compounds.

Alkylmetal compound Type of structure Ref.

(PMDETA)KCPh3 solvated monomer [14]

(thf)[KCHPh2]2 solvated dimer [13]

Na(TMEDA)2(thf){Na[C(SiMe3)3]2} separated ion pair [17]

[(TMEDA)NaCHPh2]4 solvated tetramer (ring) [12]

(PMDETA)2[KCH(SiMe3)2]4 solvated tetramer [16b]

[NaCH(SiMe3)2]� chain [15]

[KC(SiMe3)3]� chain [18a]

[KC(SiMe3)2Ph]� chain [19]

[(PMDETA)NaCH2Ph]� solvated chain [12]

[(thf)KCH(SiMe3)2]� solvated chain [16a]

[(MeOtBu)KCH(SiMe3)2]� solvated chain [16b]

[(TMEDA)KC(SiMe3)3]� solvated chain [18b]

Inspection of these results immediately draws attention
to the large proportion of these compounds containing
silyl-substituted methyl groups. These groups improve sta-
bility because of the absence of a β-hydrogen atom, but also
through their bulkiness and electronic stabilisation. Surpris-
ingly, considerably less is known about the alkali metal
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compounds of the smallest and simplest member of this
family of silyl-substituted methyl groups, namely the (tri-
methylsilyl)methyl (CH2SiMe3) or monosyl group.[20]

Again, the most examined (trimethylsilyl)methyl compound
to date is the lithium congener, [(trimethylsilyl)methyl]lith-
ium [Me3SiCH2Li]n, which is known to form a hexamer (n
= 6) in the solid state,[21] whereas both N,N,N�,N�-tetra-
methylethylenediamine (TMEDA) and the (–)-sparteine ad-
ducts form dimers (n = 2), and the higher-denticity ligand
N,N,N�,N��,N��-pentamethyldiethylenetriamine (PMDETA)
forms a monomer (n = 1).[22] [(Trimethylsilyl)methyl]potas-
sium has been used in C-metallation reactions of cyclohex-
ene,[23] toluene,[24] and tetrahydrofuran,[25] and in an N-me-
tallation reaction of a secondary amine to form potassium
2,2,6,6-tetramethylpiperidide[26] in situ,[27] which has re-
cently been employed as a convenient precursor in synergic
mixed-metal chemistry.[28] The primary aim of the present
work is to fully characterise the [(trimethylsilyl)methyl]
compounds of sodium and potassium as a prelude to de-
veloping them further in synthetic applications.

Results and Discussion

[(Trimethylsilyl)methyl]sodium [NaCH2SiMe3] (1) can be
prepared in a similar way to that previously reported for
[(trimethylsilyl)methyl]potassium [KCH2SiMe3] (2).[27a,27b]

Thus avoiding the use of bis[(trimethylsilyl)methyl]mer-
cury[29] with an alkali metal in a transmetalation,[24] a
method which proved to be unsuccessful in the case of so-
dium, the commercially available [(trimethylsilyl)methyl]-
lithium was treated with sodium tert-butoxide in n-hexane
(Scheme 1), taking advantage of the energetically preferred
formation of lithium tert-butoxide and the precipitation of
insoluble [(trimethylsilyl)methyl]sodium. The reaction is
easily carried out in n-hexane between 0 °C and room tem-
perature, and the resulting insoluble [(trimethylsilyl)methyl]-
alkali metal compounds 1 or 2 can be conveniently isolated
through filtration as off-white pyrophoric powders, which
show no sign of decomposition even after months while
stored under an inert gas.

Scheme 1.

Although compounds 1 and 2 showed high reactivity
towards THF[25] and benzene and only low solubility in the
latter solvent, both compounds could still be identified
by NMR spectroscopy in the corresponding deuterated
solvents. All the samples showed significant protolysis (by
formation of SiMe4), and only traces of tert-butoxide or
lithium could be detected in both samples. In deuterated
benzene the 1H NMR spectrum shows a singlet for the tri-
methylsilyl group at δ = 0.15 ppm and another singlet for
the CH2 group at δ = –2.44 ppm for 1, with the correspond-
ing signals for 2 appearing at δ = 0.18 and –2.60 ppm,
respectively. In [D8]THF the corresponding signals can be
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observed at δ = –0.19 and –2.20 ppm for 1 and at δ = –0.20
and –2.22 ppm for 2. No meaningful 13C NMR spectra
could be obtained, due to the fast protolysis of the solvents
used.

Treatment of n-hexane suspensions of 1 with equimolar
amounts of TMEDA or PMDETA, or 2 with a 3 to 5 mol-
equiv. excess, produces clear solutions, which rapidly de-
compose at room temperature with the formation of brown
precipitates.[30] This decomposition can be avoided when
the resulting yellowish solutions are immediately stored at
–70 °C for several days. In this way it was possible to obtain
TMEDA- or PMDETA-containing crystalline samples of
[(trimethylsilyl)methyl]sodium and -potassium (Scheme 2).
The yellowish crystals of the PMDETA solvate of [(trimeth-
ylsilyl)methyl]sodium melted and decomposed below 0 °C,
but the TMEDA solvate of [(trimethylsilyl)methyl]sodium
[(TMEDA)NaCH2SiMe3] (1a) and of [(trimethylsilyl)-
methyl]potassium [(TMEDA)3(KCH2SiMe3)4] (2b) and the
PMDETA solvate of [(trimethylsilyl)methyl]potassium
[(PMDETA)KCH2SiMe3] (2a) could be isolated intact from
solution and subsequently characterised by X-ray crystal-
lography and NMR spectroscopy. Due to the even more
aggressive behaviour of 1a, 2a and 2b towards deuterated
benzene and THF compared to that of 1 and 2, only deuter-
ated cyclohexane produced useful NMR spectra without
showing advanced solvolysis. The 1H NMR spectrum of
compound 1a shows signals for the trimethylsilyl group at
δ = –2.27 ppm and for the CH2 group at –0.10 ppm, while
the TMEDA Me and CH2 groups appear at δ = 2.23 and
2.30 ppm, respectively. The corresponding signals of these
groups in the 13C NMR spectrum are located at δ = –7.5,
5.8, 46.6 and 58.2 ppm. The 1H NMR spectra for 2a and
2b show very similar chemical shifts for the CH2 groups ( δ
= –2.29 and –2.40 ppm) and the trimethylsilyl groups ( δ
= –0.13 and –0.10 ppm), and the signals for PMDETA or
TMEDA are situated in the range δ = 2.18–2.38 or 2.17–
2.29 ppm, respectively. In the 13C NMR spectra the signal
of the CH2 groups 2a/2b can be found at δ = 1.3/4.1 ppm,
for the trimethylsilyl group at δ = 6.5/5.9 ppm, the
PMDETA of 2a shows signals at δ = 43.1, 46.1, 57.2 and
58.6 ppm, whereas the TMEDA signals of 2b can be ob-
served at δ = 46.2 and 58.7 ppm. Whereas crystalline 1a and
2a are stable under an inert gas at room temperature for
several days, crystals of 2b quickly melt and turn dark as a
sign of rapid decomposition.

Scheme 2.
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Turning to the X-ray crystallographic results, compound
1a crystallises in the trigonal space group P31 (or P32, these
being indistinguishable in the absence of significant anoma-
lous scattering effects), with three crystallographically inde-
pendent helical polymer chains, each exhibiting 31 screw-
axis symmetry along the c axis (Figure 1). The sodium
atoms are coordinated by two nitrogen atoms of TMEDA
at distances ranging from 2.52 to 2.57 Å and CH2 groups
of two different trimethylsilylmethyl groups with alternating
shorter and longer Na–C bonds. The shorter Na–C bonds
with lengths between 2.523(9) and 2.530(8) Å represent the
orientation of lone pairs of the methanide anions in accord-
ance with the positions of the two hydrogen atoms, whereas
the longer Na–C bonds have lengths between 2.581(8) and
2.643(9) Å implying a greater electrostatic contribution to
the interaction. These differences in bond lengths compared
to the corresponding symmetric Na–C bonding in the
unsolvated polymer [NaCH(SiMe3)2]� [2.555(10) Å],[15] can
be explained by the pyramidal configuration of the
CH2(SiMe3) group and the additional coordination by
TMEDA.

Figure 1. Pentameric section of one of three crystallographically
independent polymeric chains of 1a. Hydrogen atoms are omitted
for clarity. Symmetry operator A: –y + 1, x – y + 1, z + 1/3. Dotted
lines represent longer (electrostatic) Na–C interactions as well as
Na–N dative interactions.

Two nitrogen atoms of the chelating TMEDA molecule
form a bite angle at the corresponding sodium atoms be-
tween 71.7(3) and 73.7(3)°, whereas the anionic carbon
centres of the more bulky (trimethylsilyl)methyl groups
make wider obtuse angles between 123.1(2) and 125.7(2)°.
The Na(1)–C(1)–Si(1) and Na(11)–C(11)–Si(11) or Na(21)–
C(21)–Si(21) angles are found in the range 104.6(4)–
107.5(4)° and are closer to the ideal tetrahedral angle of
109.5° than the corresponding Na(1A)–C(1)–Si(1) (and
equivalent) angles with an average of 100.7°, confirming the
existence of a more covalent bond for Na(1)–C(1) and a
more ionic bond between Na(1A) and C(1) to the next
monomer unit on the opposite side. The Na(21)–C(21)
bond shows an opposite orientation along the crystallo-
graphic c axis compared to the Na(1)–C(1) and Na(11)–
C(11) bonds in the corresponding polymeric chains, i.e. one
helical polymer runs in the opposite direction to the other
two. Compound 2a adopts a closely related structure (Fig-
ure 2), which crystallises in the enantiomorphic trigonal
space groups P31 and P32 (twinned) but with only one heli-
cal polymeric chain per unit cell along the crystallographic
c axis. The chain is formed by potassium atoms coordinated
by the three nitrogen atoms of PMDETA [K(1)–N(2)
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2.9250(18), K(1)–N(3) 2.9265(16), K(1)–N(4) 2.9512(16) Å]
and two carbon atoms of two (trimethylsilyl)methyl CH2

groups; again alternating potassium–carbon distances
[K(1)–C(1) 2.9151(19), K(1)–C(1A) 3.0358(19) Å] as well as
the corresponding K–C–Si bond angles [K(1)–C(1)–Si(1)
109.86(9), K(1)–C(1A)–Si(1A) 98.67(8)°] indicate a more
covalent character of the K(1)–C(1) bond compared to a
more ionic K(1)–C(1A) interaction.

Figure 2. Pentameric section of chain polymer 2a. Hydrogen atoms
are omitted for clarity. Symmetry operator A: –x + y + 1, –x + 1,
z + 1/3 (for space group P32). Dotted lines represent longer (elec-
trostatic) K–C interactions as well as K–N dative interactions.

Due to the longer potassium–nitrogen distances in 2a
compared to those in 1a, the nitrogen atoms of the
PMDETA molecule take part in even more acute N–K–N
angles [N(2)–K(1)–N(3) 61.09(5), N(3)–K(1)–N(4)
60.48(5)°] than those in the corresponding Na/TMEDA
compound 1a. Along the chain the two (trimethylsilyl)-
methyl CH2 groups subtend an angle of 110.28(3)° at the
potassium atom, whereas the corresponding carbon atom
and the two potassium ions form a bond angle of
150.47(7)°.

Whereas the TMEDA-solvated potassium compound of
the bis(trimethylsilyl)methyl group[16b] [(PMDETA)2{KCH-
(SiMe3)2}4] forms an “open tetramer”[31] (with a central
K2C2 core, which is extended by two bridging alkyl groups
and two terminal PMDETA-coordinated potassium
atoms), the corresponding (trimethylsilyl)methyl compound
2b, which crystallises in the triclinic space group P1̄, forms
an asymmetric tetranuclear unit with only three of the four
potassium atoms chelated by two TMEDA nitrogen atoms
each. The donor-deficient molecule 2b is best described as
a tetrahedron based on four potassium atoms, with each of
the four triangular faces capped by the methanide carbon
atoms of four (trimethylsilyl)methyl groups, completing a
distorted K4C4 heterocubane (Figure 3). This motif is not
unusual for alkyllithium compounds, but to the best of our
knowledge is so far unknown for alkylsodium or -potas-
sium congeners.[32] Its K–CH2 distances span the range
2.922(3)–3.247(3) Å (see Table 2). The distance of the car-
bon atom to the middle (centroid) of the corresponding K3

triangle lies between 1.897 and 2.038 Å. The trimethylsilyl
group and the two hydrogen atoms occupy a staggered posi-
tion relative to the corresponding three potassium atoms.
Three (trimethylsilyl)methyl groups [including the methan-
ide carbon atoms C(1), C(2), and C(3)] are directed away
from the plane formed by the TMEDA-coordinated potas-



W. Clegg, B. Conway, A. R. Kennedy, J. Klett, R. E. Mulvey, L. RussoFULL PAPER
sium atoms K(1), K(2) and K(3). The free electron pairs of
the (trimethylsilyl)methyl groups are directed towards the
midpoints Xn of the K(3)···K(4) and K(2)···K(4) lines, this
description being supported by the corresponding Si(1)–
C(1)–X1, Si(2)–C(2)–X2 and Si(3)–C(3)–X2 angles with a
close to tetrahedral range from 105.5 to 112.5°. Also, the
corresponding K(3)···K(4) and K(2)···K(4) internuclear sep-
arations show the shortest K···K distances of 3.8397(8) and
3.7596(8) Å, respectively. The peripheral methyl groups
[C(13), C(22) and C(33)] of the (trimethylsilyl)methyl
groups also engage in short interactions with K(4) at dis-
tances of 3.304, 3.494 and 3.456 Å. The fourth (trimethyl-
silyl)methyl group [including C(4)], which caps the K(1)–
K(2)–K(3) plane, shows interactions with the potassium
atom K(4) of the next molecule, forming chains along the
crystallographic a axis (Figure 4).

Figure 3. Tetrameric section of polymeric 2b. Hydrogen atoms are
omitted for clarity. Symmetry operator A: x – 1, y, z. The distorted
K4 tetrahedron is shaded. Short K–C interactions are emphasised
by full lines.

Table 2. Selected bond lengths [Å] of compound 2b.

K(1) K(2) K(3) K(4)

C(1) 2.993(3) – 3.056(3) 2.972(3)
C(2) 3.076(3) 3.029(3) – 2.932(3)
C(3) – 2.958(3) 3.098(3) 2.922(3)
C(4) 2.985(3) 3.129(3) 3.247(3) –
K(1) – 4.3565(8) 3.9214(7) 4.0258(8)
K(2) 4.3565(8) – 3.9977(8) 3.7596(8)
K(3) 3.9214(7) 3.9977(8) – 3.8397(8)
K(4) 4.0258(8) 3.7596(8) 3.8397(8) –
N(51)/N(61)/N(71) 2.952(2) 3.053(3) 3.026(4) –
N(54)/N(64)/N(74) 2.939(2) 2.893(2) 2.946(2) –

Though unusual for alkyl compounds of the heavier al-
kali metals sodium and potassium, many examples of po-
tassium heterocubanes are known for more complex hetero-
atom anionic systems, including alkoxides,[33] silanolates,[34]

enolates,[35] hydroxylamides,[36] phosphoraneiminates[37]

and silanides.[38]
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Figure 4. Trimeric section of infinite chains of tetranuclear units of
2b along the crystallographic a axis. Hydrogen atoms are omitted
for clarity. Symmetry operator A: x – 1, y, z. Short K–C and K–N
interactions are represented by dotted lines.

Recently, Stalke et al.[39] and Mitzel et al.[40] could ident-
ify very similar structural motifs in solvated alkyllithium
compounds. The example from the former group shows a
tetramer of [(trimethylsilyl)methyl]lithium asymmetrically
coordinated by two diethyl ether molecules [(LiCH2SiMe3)4-
(Et2O)2], whereas the latter group’s example consists of
tetramers of methyllithium coordinated by three mono-
dentate molecules of 1,3,5-trimethyl-1,3,5-triazacyclohex-
ane (TMTAC), and the uncoordinated lithium atom inter-
acts with a methyl group of the neighbouring tetramer to
form linear chains of tetramers [{(LiMe)4(TMTCA)3}�],
similar to the structure of 2b. Also very recently we reported
the structure of unsolvated [(trimethylsilyl)methyl]sodium
(1) consisting of tetrameric subunits, which form polymeric
chains by using two of the four (trimethylsilyl)methyl
groups for additional agostic-type interactions.[41]

Conclusions

We have described a convenient and efficient synthesis
for solvent-free [(trimethylsilyl)methyl]sodium (1), which
could be characterised by solution NMR spectroscopy.
Similar to the congeneric potassium compound it has a
high potential to be used in the formation of sodium alkyl-
metallates or sodium amides. In addition treatment of [(tri-
methylsilyl)methyl]sodium (1) and -potassium (2) with
TMEDA or PMDETA led to highly reactive solvated deriv-
atives, which could be isolated as extremely air- and moist-
ure-sensitive crystalline materials. Despite their good solu-
bility in n-hexane, the molecular structures of the TMEDA-
solvated [(trimethylsilyl)methyl]sodium (1a) and the
PMDETA-solvated [(trimethylsilyl)methyl]potassium (2a)
were found to be polymeric chains formed by repeating
metal–alkyl–metal interactions. In contrast, the TMEDA
complex of [(trimethylsilyl)methyl]potassium (2b) shows a
solvent-deficient pseudotetrameric structure with a novel
heterocubane K4C4 arrangement. The relatively easy ac-
cessibility and stability should make these (trimethylsilyl)-
methyl compounds of sodium and potassium valuable start-
ing points for further exploration of the chemistry of these
common-utility heavier alkali metals.
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Experimental Section
General Methods: n-Hexane was distilled from sodium/benzo-
phenone, TMEDA and PMDETA were distilled from CaH2. All
synthetic work was carried out under argon by using standard
Schlenk and glove-box techniques. KCH2SiMe3 was prepared ac-
cording to literature procedures.[27a,27b] 1H NMR spectra were re-
corded with a Bruker AV 400 MHz spectrometer; data for X-ray
crystal structure determination were obtained with Oxford Diffrac-
tion Xcalibur Gemini A Ultra diffractometers by using graphite-
monochromated Mo-Kα radiation (λ = 0.71073 Å). Selected crys-
tallographic data for compounds 1a, 2a and 2b are given in Table 3.
Disorder was resolved satisfactorily for the TMEDA ligands in 2b.
2a was found to be twinned both merohedrally (emulating the
higher-symmetry trigonal Laue class) and by inversion (both enan-
tiomorphic space groups present in an approx. 2:1 ratio). H atoms
were positioned geometrically and treated as riding atoms in each
case. CCDC-793015 (1a), -793016 (2a) and -793017 (2b) contain
the supplementary crystallographic data for this publication. These
data can be obtained free of charge from The Cambridge Crystallo-
graphic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
Microanalyses were carried out, but due to instability, oxidation/
hydrolysis, desolvation and possibly carbide formation[42] no satis-
factory elemental analysis could be obtained.

[NaCH2SiMe3] (1): NaOtBu (0.96 g, 10.0 mmol) was dissolved in
n-hexane (50 mL) in a Schlenk tube and placed in an ice bath. A
solution of LiCH2SiMe3 in pentane (1 m; 10 mL, 10.0 mmol) was
added, and the reaction mixture was stirred at room temperature
overnight to form an off-white suspension. The solid was filtered,
washed with hexane (20 mL), and dried in vacuo to afford a white
solid (0.95 g, 86.4% yield). 1H NMR (400.13 MHz, 298 K, [D6]-
benzene): δ = –2.44 (s, 2 H, CH2), 0.15 [s, 9 H, Si(CH3)3] ppm. 1H
NMR (400.13 MHz, 298 K, [D8]THF): δ = –2.20 (s, 2 H, CH2),
–0.19 [s, 9 H, Si(CH3)3] ppm.

[(TMEDA)NaCH2SiMe3] (1a): NaCH2SiMe3 (1, 0.22 g, 2.0 mmol)
was suspended in n-hexane (20 mL). To this suspension TMEDA
(0.3 mL, 2.0 mmol) was added to yield a clear yellow solution.

Table 3. Selected crystallographic data for compounds 1a, 2a and 2b.[a]

Compound 1a 2a 2b

Formula C10H27N2NaSi C13H34KN3Si C34H92K4N6Si4
Mr [gmol–1] 226.42 299.62 853.90
Crystal system trigonal trigonal triclinic
Space group P31 P32 P1̄
a [Å] 17.4307(8) 10.7730(1) 11.2401(3)
b [Å] 17.4307(8) 10.7730(1) 11.3805(3)
c [Å] 13.6159(8) 14.6261(3) 22.4476(4)
α [°] 90 90 85.459(2)
β [°] 90 90 80.045(2)
γ [°] 120 120 79.359(2)
V [Å3] 3582.7(3) 1470.05(4) 2776.27
Z 9 3 2
ρcalcd. [g cm–3] 0.944 1.015 1.021
μ(Mo-Kα) [mm–1] 0.150 0.324 0.433
T [K] 150 123 123
Measured reflections 6090 8954 51394
Independent reflections 2943 4955 13352
Observed reflections[b] 2002 4285 9192
Refined parameters 400 183 482
R1[c] (R1 all data) 0.0677 (0.1633) 0.0308 (0.0495) 0.0550 (0.1269)
w2[d] (wR2 all data) 0.0983 (0.1693) 0.0388 (0.0509) 0.0924 (0.1386)
Max/min electron density [eÅ–3] 0.23/–0.22 0.23/–0.20 1.10/–1.24

[a] All data were collected by using Mo-Kα radiation (λ = 0.71073 Å). [b] Observation criterion: I�2σ(I). [c] R1 = Σ||Fo| – |Fc||/Σ|Fo|. [d]
wR2 = {Σ[w(Fo

2 – Fc
2)2]/Σ[w(Fo

2)2]}1/2.
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Storage of the solution at 0 °C for 2 d afforded colourless crystals
(0.15 g, 65.2% yield). Alternatively, some solvent can be removed
in vacuo and the precipitated solid dissolved by warming the solu-
tion to yield a crop of crystals after cooling. 1H NMR
(400.13 MHz, 298 K, [D6]benzene): δ = –1.80 (s, 2 H, CH2), 0.44
[s, 9 H, Si(CH3)3], 1.86 (s, 4 H, CH2-TMEDA), 1.90 (s, 12 H, CH3-
TMEDA) ppm. 1H NMR (400.13 MHz, 298 K, [D12]cyclohexane):
δ = –2.27 (s, 2 H, CH2), –0.10 [s, 9 H, Si(CH3)3], 2.23 (s, 12 H,
CH3-TMEDA), 2.30 (s, 4 H, CH2-TMEDA) ppm. 13C NMR
(100.62 MHz, 298 K, [D12]cyclohexane): δ = –7.5 (CH2), 5.8
[Si(CH3)3], 46.6 (CH3-TMEDA), 58.2 (CH2-TMEDA) ppm.

[(PMDETA)KCH2SiMe3] (2a): KCH2SiMe3 (2, 0.24 g, 2.0 mmol)
was suspended in n-hexane (10 mL). To this suspension PMDETA
(1.26 mL, 6.0 mmol) was added to yield a clear yellow solution.
Storage of the solution at –70 °C for 2 d afforded colourless crystals
(0.32 g, 53.5% yield). 1H NMR (400.13 MHz, 298 K, [D12]cyclo-
hexane): δ = –2.29 (s, 2 H, CH2), –0.13 [s, 9 H, Si(CH3)3], 2.18 (s,
15 H, CH3-PMDETA), 2.32 (s, 4 H, CH2-PMDETA), 2.38 (s, 4 H,
CH2-PMDETA) ppm. 13C NMR (100.62 MHz, 298 K, [D12]-
cyclohexane): δ = 1.3 (CH2), 6.5 [Si(CH3)3], 43.1 (CH3-PMDETA),
46.1 (CH3-PMDETA), 57.2 (CH2-PMDETA), 58.6 (CH2-
PMDETA) ppm.

[(TMEDA)3(KCH2SiMe3)4] (2b): KCH2SiMe3 (2, 0.12 g, 1.0 mmol)
was suspended in n-hexane (10 mL). To this suspension TMEDA
(0.75 mL, 5.0 mmol) was added to yield a clear yellow solution.
Immediate removal of some solvent in vacuo and storage of the
solution at –70 °C for 2 d afforded large colourless prisms (0.12 g,
56.2% yield). 1H NMR (400.13 MHz, 298 K, [D12]cyclohexane): δ
= –2.40 (s, 8 H, CH2), –0.10 [s, 36 H, Si(CH3)3], 2.17 (s, 36 H, CH3-
TMEDA), 2.29 (s, 12 H, CH2-TMEDA) ppm. 13C NMR
(100.62 MHz, 298 K, [D12]cyclohexane): δ = 4.1 (CH2), 5.9
[Si(CH3)3], 46.2 (CH3-TMEDA), 58.7 (CH2-TMEDA) ppm.

Supporting Information (see footnote on the first page of this arti-
cle): Detailed synthetic information as well as NMR spectroscopic
data.



W. Clegg, B. Conway, A. R. Kennedy, J. Klett, R. E. Mulvey, L. RussoFULL PAPER

Acknowledgments

J. K. thanks the Royal Society of Edinburgh/BP Trust for a research
fellowship. W. C. and L. R. thank the Science and Engineering Re-
search Council (EPSRC) for an equipment grant.

[1] a) J. Clayden, Organolithiums: Selectivity for Synthesis, Elsevier,
Oxford, 2002; b) M. Schlosser (Ed.), Organometallics in Syn-
thesis – A Manual, 2nd ed., Wiley, Chichester, 2002; T. L. Rath-
man, W. F. Bailey, Org. Process Res. Dev. 2009, 13, 144–151.

[2] Z. Rappaport, I. Marek (Eds.), Organomagnesium Compounds,
2nd ed., Wiley, Chichester, 2008.

[3] For reviews see: a) M. Schlosser, Angew. Chem. 1964, 76, 124–
143; b) D. Seyferth, Organometallics 2006, 25, 2–24; c) D. Sey-
ferth, Organometallics 2009, 28, 2–33.

[4] a) D. Y. Curtin, W. J. Koehl, J. Am. Chem. Soc. 1962, 84, 1967–
1973; b) P. C. Andrews, S. M. Calleja, M. Maguire, J. Or-
ganomet. Chem. 2005, 690, 4343–4348.

[5] A. A. Morton, I. Hechenbleikner, J. Am. Chem. Soc. 1936, 58,
2599–2655.

[6] N. I. Pakuro, A. A. Arest-Yakubovich, L. V. Shcheglova, P. V.
Petrovsky, L. A. Cheklaeva, Russ. Chem. Bull. 1996, 45, 838–
840.

[7] W. H. Carothers, D. D. Coffman, J. Am. Chem. Soc. 1929, 51,
588–595.

[8] A. A. Morton, M. L. Brown, M. E. T. Holden, R. L. Letsinger,
E. E. Magat, J. Am. Chem. Soc. 1945, 67, 2224–2228.

[9] H. G. Richey, J. P. DeStephano, J. Org. Chem. 1990, 55, 3281–
3286.

[10] a) E. Weiss, G. Sauermann, Angew. Chem. 1968, 80, 123; An-
gew. Chem. Int. Ed. Engl. 1968, 7, 133–134; b) E. Weiss, G.
Sauermann, Chem. Ber. 1970, 103, 265–271.

[11] E. Weiss, Angew. Chem. 1993, 105, 1565; Angew. Chem. Int. Ed.
Engl. 1993, 32, 1501–1523.

[12] S. Corbelin, N. P. Lorenzen, J. Kopf, E. Weiss, J. Organomet.
Chem. 1991, 415, 293–313.

[13] H. Schumann, D. M. M. Freckmann, S. Dechert, Organometal-
lics 2006, 25, 2696–2699.

[14] H. Viebrock, T. Panther, U. Behrens, E. Weiss, J. Organomet.
Chem. 1995, 491, 19–25.

[15] P. B. Hitchcock, M. F. Lappert, W.-P. Leung, L. Diansheng, T.
Shun, J. Chem. Soc., Chem. Commun. 1993, 1386–1387.

[16] a) P. B. Hitchcock, A. V. Khvostov, M. F. Lappert, J. Or-
ganomet. Chem. 2002, 663, 263–268; b) W. M. Boesveld, P. B.
Hitchcock, M. F. Lappert, D.-S. Liu, S. Tian, Organometallics
2000, 19, 4030–4035.

[17] S. S. Al-Juaid, C. Eaborn, P. B. Hitchcock, K. Izod, M. Mal-
lien, J. D. Smith, Angew. Chem. 1994, 106, 1336–1338; Angew.
Chem. Int. Ed. Engl. 1994, 33, 1268–1270.

[18] a) C. Eaborn, P. B. Hitchcock, K. Izod, A. J. Jaggar, J. D.
Smith, Organometallics 1994, 13, 753–754; b) C. Eaborn, W.
Clegg, P. B. Hitchcock, M. Hopman, K. Izod, P. N. O’Shaugh-
nessy, J. D. Smith, Organometallics 1997, 16, 4728–4736.

[19] F. Feil, S. Harder, Organometallics 2000, 19, 5010–5015.

www.eurjic.org © 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Inorg. Chem. 2011, 721–726726

[20] a) P. J. Davidson, M. F. Lappert, R. Pearce, Acc. Chem. Res.
1974, 7, 209–217; b) P. J. Davidson, M. F. Lappert, R. Pearce,
Chem. Rev. 1976, 76, 219–242.

[21] B. Teclé, A. F. M. M. Rahman, J. P. Oliver, J. Organomet.
Chem. 1986, 317, 267–275.

[22] T. Tatic, H. Ott, D. Stalke, Eur. J. Inorg. Chem. 2008, 3765–
3768.

[23] J. Hartmann, M. Schlosser, Synthesis 1975, 328–329.
[24] A. J. Hart, D. H. O’Brien, C. R. Russell, J. Organomet. Chem.

1974, 72, C19–C22.
[25] R. Lehmann, M. Schlosser, Tetrahedron Lett. 1984, 25, 745–

748.
[26] D. R. Armstrong, D. V. Graham, A. R. Kennedy, R. E. Mul-

vey, C. T. O’Hara, Chem. Eur. J. 2008, 14, 8025–8034.
[27] a) B. Conway, D. V. Graham, E. Hevia, A. R. Kennedy, J.

Klett, R. E. Mulvey, Chem. Commun. 2008, 2638–2640; b) W.
Clegg, B. Conway, D. V. Graham, E. Hevia, A. R. Kennedy,
R. E. Mulvey, L. Russo, D. S. Wright, Chem. Eur. J. 2009, 15,
7074–7082; c) W. Clegg, B. Conway, P. García-Álvarez, A. R.
Kennedy, R. E. Mulvey, L. Russo, J. Sassmannshausen, T.
Tuttle, Chem. Eur. J. 2009, 15, 10702–10706; d) A. R. Kennedy,
J. Klett, R. E. Mulvey, D. S. Wright, Science 2009, 326, 706–
708.

[28] R. E. Mulvey, Acc. Chem. Res. 2009, 42, 743–755.
[29] D. Seyferth, W. Freyer, J. Org. Chem. 1961, 26, 2604–2605.
[30] a) B. Conway, J. García-Álvarez, E. Hevia, A. R. Kennedy,

R. E. Mulvey, S. D. Robertson, Organometallics 2009, 28,
6462–6468; b) V. H. Gessner, C. Strohmann, J. Am. Chem. Soc.
2008, 130, 14412–14413.

[31] For an open dimer of a lithium amide, see: P. G. Williard, Q.-
Y. Liu, J. Am. Chem. Soc. 1993, 115, 3380–3381.

[32] F. H. Allen, Acta Crystallogr., Sect. B 2002, 58, 380–388.
[33] M. H. Chisholm, S. R. Drake, A. A. Naiini, W. E. Streib, Poly-

hedron 1991, 10, 337–345.
[34] M. J. McGeary, K. Folting, W. E. Streib, J. C. Huffman, K. G.

Caulton, Polyhedron 1991, 10, 2699–2709.
[35] X. He, B. C. Noll, A. Beatty, R. E. Mulvey, K. W. Henderson,

J. Am. Chem. Soc. 2004, 126, 7444–7445.
[36] L. Balloch, A. M. Drummond, P. García-Álvarez, D. V. Gra-

ham, A. R. Kennedy, J. Klett, R. E. Mulvey, C. T. O’Hara,
P. J. A. Rodger, I. D. Rushworth, Inorg. Chem. 2009, 48, 6934–
6944.

[37] T. Grob, S. Chitsaz, K. Harms, K. Dehnicke, Z. Anorg. Allg.
Chem. 2002, 628, 473–479.

[38] C. Krempner, M. H. Chisholm, J. Gallucci, Angew. Chem.
2008, 120, 416; Angew. Chem. Int. Ed. 2008, 47, 410–413.

[39] T. Tatic, K. Meindl, J. Henn, S. K. Pandey, D. Stalke, Chem.
Commun. 2010, 46, 4562–4562.

[40] I. Kamps, B. Neumann, H.-G. Stammler, N. W. Mitzel, Orga-
nometallics 2010, 29, 4746–4748.

[41] S. E. Baillie, W. Clegg, P. García-Álvarez, E. Hevia, A. R. Ken-
nedy, J. Klett, L. Russo, Chem. Commun. 2011, 47, 388–390.

[42] a) S. P. Mallela, R. A. Geanangel, Inorg. Chem. 1994, 33, 6357–
6360; S. P. Mallela, Y. Saar, S. Hill, R. A. Geanangel, Inorg.
Chem. 1999, 38, 2957–2960.

Received: September 15, 2010
Published Online: January 11, 2011


