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Exploring the solid state and solution structural
chemistry of the utility amide potassium
hexamethyldisilazide (KHMDS)+
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The structural chemistry of eleven donor complexes of the important Brensted base potassium
1,1,1,3,3,3-hexamethyldisilazide (KHMDS) has been studied. Depending on the donor, each complex
adopted one of five general structural motifs. Specifically, in this study the donors employed were toluene
(to give polymeric 1 and dimeric 2), THF (polymeric 3), N,N,N',N'-tetramethylethylenediamine (TMEDA)
(dimeric 4), (R,R)-N,N,N',N'-tetramethyl-1,2-diaminocyclohexane [(R,R)-TMCDA] (dimeric 5), 12-crown-4
(dimeric 6), N,N,N',N'-tetramethyldiaminoethyl ether (TMDAE) (tetranuclear dimeric 8 and monomeric
10), N,N,N',N",N"-pentamethyldiethylenetriamine (PMDETA) (tetranuclear dimeric 7), tris[2-dimethyl
(amino)ethyllamine (MegTREN) (tetranuclear dimeric 9) and tris{2-(2-methoxyethoxy)ethyl}amine (TMEEA)
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DOI: 10.1039/c7dt01118k (monomeric 11). The complexes were also studied in solution by *H and *C NMR spectroscopy as well as
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Introduction

Alkali metal complexes of 1,1,1,3,3,3-hexamethyldisilazide
(HMDS) are commonly employed reagents in synthesis due to
their non-nucleophilic but Brensted basic nature."” In com-
parison with related alkali metal secondary amide reagents
such as diisopropylamide (DA) and 2,2,6,6-tetramethyl-
piperidide (TMP) salts, HMDS is weakly basic due to its
inherent a-silyl stabilisation. The pK of LIHMDS in tetrahydro-
furan (THF) solution is 24 whereas for LiDA and LiTMP are 35
and 36 respectively.® Additionally, the absence of p-hydrogen
atoms prevents f-hydride elimination, and their lipophilic
character makes alkali metal derivatives of the HMDS group
special candidates for many homogeneous reactions. Since
lithium, sodium and potassium HMDS reagents are commer-
cially available, they have become prominent transfer reagents
for the synthesis of s-block metal,” transition metal,”” lantha-
nide® and actinide”'® HMDS complexes via salt metathesis. In
synthesis, they are used in a wide variety of chemical trans-
formations ranging from drug synthesis to polymer pro-
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in the formation of Kkinetic enolate

> isomerisations,'® poly-
18,19

duction, such as
anions,"*™** alkylations,'* arylations,
merizations,"” ring closing reactions and Wittig reactions,
and also, in the deprotonative metallation of acidic C-H
bonds, like cyclopentadiene, indene and fluorene.**”>*> Most
recently, several organic transformations have been reported
which use alkali metal HMDS salt complexes in combination
with a Lewis basic donor molecule to induce catalysis. In par-
ticular, KHMDS has attracted special attention due to its
slightly increased Bronsted basic character when compared
with its lighter lithium or sodium congeners,” but also
because of its relatively low toxicity>® and as such can be used
in medical-related fields which are incompatible with conven-
tional transition metal-catalysed approaches. In this context,
the seminal work by Kobayashi** has recently shown that
KHMDS in combination with chiral macrocyclic crown ethers
(as Lewis basic donor molecules) acts as an effective catalytic
system for the carbon-carbon bond-forming reaction of alkyl-
nitriles and 1,5-dicarbonyl compounds with excellent dia-
stereo- and enantioselectivities.>>*® Wilhelm reported that
KHMDS exhibits catalytic activity in the presence of THF, at
temperatures as low as —78 °C, for the [2 + 2] cycloaddition of
ketenes with imines and aldehydes to produce biologically
important f-lactam and p-lactone feedstocks.>” Zhang has
shown that N-alkyl substituted carbamates undergo 5-exo-dig-
cyclization to afford the corresponding functionalised oxazoli-
dinone derivatives catalysed by KHMDS and 18-crown-6 in
toluene solution.”® Panda and Carpentier have illustrated the
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use of KHMDS as a pre-catalyst with a higher activity than the
lithium and sodium salts for cross-dehydrocoupling of
boranes and silanes with amines for preparing aminoboranes
and silazanes, respectively, with a high degree of conversion
and chemoselectivity.>**° The benefit of using potassium over
lithium and sodium derivatives in synthesis could also be
exemplified in the tert-butoxide congener of KHMDS (KO‘Bu).
For instance, Shi*! reported the use of KO‘Bu in combination
with the chelating Lewis base donor 1,10-phenanthroline as a
transition metal-free catalytic system for constructing biaryl
systems via radical cross-coupling between inert aromatic C-H
bonds and aryl iodides or bromides. Murphy and Tuttle®* have
studied in detail the mechanism of these transformations con-
cluding that the greater basicity of KO‘Bu over its sodium and
lithium counterparts is a crucial factor in allowing access to
these electron transfer reactions.

Since KHMDS is a widely used Brgnsted base in synthesis
and has recently shown excellent catalytic potential in THF or
toluene solutions in the presence of Lewis basic donor mole-
cules, it is important to understand the structural chemistry
which is at play with these reagents in these solvents. The struc-
tural chemistry of LIHMDS and NaHMDS has been well studied,;
however, it is perhaps surprising that for the commercially avail-
able KHMDS (as toluene and THF solutions) it remains largely
unexplored. To date, the solvent-free dimeric [(KHMDS),],**
dimeric  toluene-solvated [(KHMDS),(toluene),],**  dimeric
ammonia-solvated [(KHMDS),(NH;),]*> complexes and the
monomeric species [(KHMDS)(donor)] (donor = 1,4-dioxane®®
and 18-crown-6°"7%) have been structurally characterized
(Fig. 1a-d) alongside two examples of N-heterocyclic carbene
(NHC) dimeric adducts of KHMDS, namely [(KHMDS),(NHC),],
where NHC are 1,3-bis-2,6-di-isopropylphenyl-imidazol-2-
ylidene and 1,3-diisopropyl-3,4,5,6-tetrahydropyrimid-2-ylidene
(Fig. 1e and f).>**° Additionally, one other related example con-
taining a O,N-bidentate ligand derived from an ether-based
backbone imidazolinium proligand [(KHMDS),{(OCMe,CH,HC)
NCH,CH,NiPr},] has also been reported (Fig. 1g).*!
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Fig. 1 (a) Structurally known solvent-free dimeric (KHMDS), and (b—h)

solvates of KHMDS.
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Most of the structurally known complexes contain an arche-
typal dinuclear (KNgypg), core. This motif is also observed
when ferrocene is added to KHMDS, resulting in the isolation
of the unusual polymeric [(KHMDS),(ferrocene)],, (Fig. 1h),**
where ferrocene m-coordinates to the potassium metal. When
KHMDS is combined with alkaline earth metal amides
forming mixed metallate species,**™* it is possible to isolate
inverse crown species such as hydrido-*® and oxo-variants*”*®
as well as simpler binuclear heterobimetallic amide formu-
lations®®”° also observed when the alkaline earth metal is
replaced by lanthanides.’’”* As the structural chemistry of
alkali metal reagents normally dictates and influences their
reactivity, it was decided to isolate and characterise, (in the
solid- and solution-state) a series of solvates of KHMDS con-
taining key solubility- and reactivity-enhancing donor mole-
cules. These molecules include toluene, THF, N,N,N',N'-tetra-
methylethylenediamine (TMEDA), (R,R)-N,N,N',N'-tetramethyl-
1,2-diaminocyclohexane [(R,R)-TMCDA], 12-crown-4, N,N,N',N'-
tetramethyldiaminoethyl ether (TMDAE), N,N,N',N",N"-penta-
methyldiethylenetriamine (PMDETA), tris[2-dimethyl(amino)
ethyllJamine (MesTREN) and tris{2-(2-methoxyethoxy)ethyl}
amine (TMEEA).

Results and discussion
Synthetic procedures

A total of eleven new solvates of KHMDS (1-11) have been pre-
pared and structurally characterised, both in solution and in
the solid state. All synthetic protocols were optimised for
obtaining high-quality crystalline samples for single crystal
X-ray diffraction studies.

When toluene was employed as a donor, two distinct aggre-
gates of KHMDS were obtained depending on the reaction con-
ditions, a polymer [(KHMDS),(toluene)],, 1 and a discrete
dimer [(KHMDS),(toluene),] 2. The ‘toluene-deficient’ poly-
meric aggregate 1 was prepared by generating KHMDS in situ
(via a salt metathesis reaction between equimolar quantities of
LiHMDS and KO‘Bu). This reaction mixture results in a pale-
yellow suspension in n-hexane from which 1 was successfully
crystallised by adding toluene at ambient temperature
(2:1 mixture of n-hexane: toluene) in 38% yield (Scheme 1).
However, when the reaction mixture is stored at —27 °C the
1:1 toluene: KHMDS dimeric solvate 2 was isolated in 46%
yield. THF-solvate [(KHMDS),(THF),],, 3 was obtained by
adding two molar equivalents of THF to a slurry of KHMDS in
n-hexane. The THF polymeric aggregate was isolated (in 34%
yield) by storing the resultant solution at —27 °C (Scheme 1).
To the best of our knowledge, this represents the first isolation
and structural characterisation of a THF-containing derivative
of KHMDS, despite this reagent-solvent combination being
commonly used in synthetic chemistry. Next, two bidentate
diamine donors were studied, namely TMEDA and its chiral
analogue (R,R)-TMCDA. To achieve homogeneity, a single
molar equivalent with respect to KHMDS was required. The
corresponding dimeric complexes [(KHMDS),(TMEDA),] 4 and
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Scheme 1 Synthesis of polymeric [(KHMDS),(toluene)l,, 1, dimeric
[(KHMDS),(toluene),] 2, polymeric [(KHMDS),(THF),l,, 3 and dimeric
[(KHMDS)>(TMEDA),] 4, [(KHMDS)x{(R,R)-TMCDA},] 5 and [(KHMDS),
(12-crown-4),] 6.

[(KHMDS),{(R,R)-TMCDA},] 5 were isolated in coincidentally
identical yields of 46% at —27 °C (Scheme 1). In a similar reac-
tion, the analogous 12-crown-4 dimeric solvate [(KHMDS),(12-
crown-4),] 6 was isolated in almost quantitative yield
(96%) from an n-hexane solution containing equimolar
amounts of KHMDS and the crown ether molecule at —27 °C.
Structurally distinct (vide infra) tetranuclear potassium
aggregates, namely [(KHMDS),(PMDETA-KHMDS),] 7 and
[(KHMDS),(TMDAE-KHMDS),] 8 (Scheme 2), were obtained by
adding the corresponding tridentate donor PMDETA and
TMDAE molecules to a suspension of KHMDS in n-hexane in
0.5:1 donor: KHMDS molar ratios, producing homogeneous
solutions in both cases. Complex 7 was obtained at ambient
temperature in 52% yield whilst 8 crystallised at —27 °C in
66% yield. Using a single molar equivalent of tetradentate
MesTREN produces a similar tetranuclear KHMDS complex,
[(KHMDS),(MesTREN-KHMDS), ] 9; however, two molar equiva-
lents of Me,TREN were required in n-hexane. Crystallisation at
—35 °C yielded 9 in a moderate yield of 36%. Surprisingly,
addition of two molar equivalents of MesTREN did not

Messl SiMe; SiMe;
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produce full deaggregation (i.e. monomerisation) of KHMDS,
but employing two molar equivalents of the N,O-containing
tridentate TMDAE molecule with respect to KHMDS in
n-hexane yielded the monomeric aggregate [KHMDS(TMDAE),]
10 (Scheme 2) in good yield (62%). Finally, the N,0-containing
potentially heptadentate TMEEA was added to a toluene solu-
tion of KHMDS in a 1:1 donor: KHMDS molar ratio from
which [KHMDS(TMEEA)] 11 was obtained in 69% yield upon
cooling down the resulting solution to —27 °C. Complexes 10
and 11 represent rare examples of monomeric KHMDS com-
plexes (Scheme 2).

X-ray diffraction studies

As discussed earlier, depending on the crystallisation tempera-
ture, it is possible to isolate two distinct toluene solvates of
KHMDS, namely polymeric [(KHMDS),(toluene)],, 1 (Fig. 2a
and b) and dimeric [(KHMDS),(toluene),] 2 (Fig. 2c). These
crystallised in the triclinic space group P1 and in the monocli-
nic space group C2/c, respectively. The asymmetric unit cell of
1 is composed of a dimeric (KHMDS), arrangement where one
molecule of toluene is coordinated to the K metal centre in a
n®manner via n-arene interactions [K1---arene(centroid)
3.045 A]. The structure of 1 propagates through the crystallo-
graphic a-axis via n-arene interactions of this toluene molecule
with a second K metal centre from a neighbouring (KHMDS),
unit, ultimately forming a linear polymeric chain arrangement
[K2---arene(centroid) 3.015 A] (Fig. 2b). Complex 2 resembles
the lattice parameters previously reported by Williard,
although in this initial report the toluene solvent molecules
were described as not coordinating to the K metal centres.*
Here we have included our interpretation of the structural
description of 2 by considering it as a four-membered [K-N-K-
N] cyclodimeric unit, where each K atom is solvated by a mole-
cule of toluene in an n®-manner [K---arene(centroid) 2.967 Al.
Each arene molecule binds approximately in a perpendicular
array to the K,N, plane (87.5°) resulting in a discrete dimeric
arrangement (Fig. 2c). Comparing 1 and 2, in the former the
toluene molecules are disposed in a cisoid manner in the poly-
meric chain (Fig. 2b), whereas in 2, the toluene molecules are
transoidal. This n®-bonding mode of an arene to a metal is a
common structural feature in heavy alkali metal organo-
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Scheme 2 Synthesis of tetranuclear [(KHMDS),(PMDETA-KHMDS),] 7, [(KHMDS),(TMDAE-KHMDS),] 8 and [(KHMDS),(Me¢TREN-KHMDS),] 9, and

monomeric [KHMDS(TMDAE),] 10 and [KHMDS(TMEEA)] 11.
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Fig. 2 (a) Molecular structure of [(KHMDS),(toluene)l,, 1, showing the
contents of the asymmetric unit. (b) Section of the extended linear poly-
meric structural framework of 1 showing atomic connectivity between K
and arene(centroids). (c) Molecular structure of [([KHMDS),(toluene),] 2.
Hydrogen atoms are omitted for simplicity and displacement ellipsoids
are displayed at 35% probability. The arene(centroids) are pictured as
translucent black spheres. The dashed lines illustrate both K:.-C contacts
and K---arene(centroid) interactions. Selected bond distances (A) and
angles (°): for 1, K1-N1 2.7619(15), K1-N2 2.7726(15), K2-N2 2.7506(15),
K2-N1 2.7593(15), K1.--arene(centroid) 3.045, K2.--arene(centroid) 3.015,
K1.-C1 3.237(2), K1.-C10 3.2610(19), K2.-C6 3.2951(19), K2.-C8
3.283(2), N1-K1-N2 94.58(4), N2—-K2—-N1 95.13(4), K2-N1-K1 85.14(4),
K2-N2-K1 85.11(4); for 2, K1-N1 2.739(2), K1-N1' 2.800(2), K1-C1
3.384(4), K1-C3' 3.402(4), K1-C4 3.303(4), K1-C6' 3.385(4), K1.--arene
(centroid) 2.967, K1.--C1 3.384(4), K1.--C4 3.303(4), K1.--C6' 3.385(4),
N1-K1-N1" 94.17(7), K1-N1-K1' 85.83(7), N1-K1..-arene(centroid)
129.04, N1'-K1..-arene(centroid) 136.76. The symmetry operations used
to generate the equivalent atoms numbered with " and " for 1 are x + 1,
y.zand x — 1, y, z, respectively; and ' for 2is —x + 1/2, -y + 1/2, -z + 1.

metallic complexes and these K---arene(centroid) distances are
similar to those found in related benzene- or toluene-solvated
potassium amide complexes (range, 2.862-3.108 A).2%45:°3767
The K,N, units in both the non-centrosymmetric 1 and centro-
symmetric 2 resemble those of (KHMDS), reported by Tesh
and Hanusa.*® Both K atoms are connected through bridging
p-HMDS ligands where the N atoms lie in approximately the
same plane as the K metal centres [torsion angle K1-N1-K2-
N2 of 1.5°, for 1; coplanar in 2]. The inclusion of an additional
molecule of toluene per potassium atom, does not have a pro-
nounced effect on the respective K-N bond distances found in
1 and 2 [K1-N 2.7726(15) and 2.7619(15) A and K2-N 2.7506(15)
and 2.7593(15) A in 1; and 2.739(2) and 2.800(2) A for 2,
respectively; see Table 1]. These K-N bond distances are
similar to those found for the solvent-free (KHMDS), [2.770(3)
and 2.803(3) A].** The distinct K-N bond lengths for K1 and
K2 observed in 1 result in two slightly distinct N-K-N angles
[N-K1-N 94.58(4) and N-K2-N 95.13(4)°], whilst the K-N-K

This journal is © The Royal Society of Chemistry 2017

Table 1 Selected bond lengths (A) and angles (°) for 1-11

11

10

1

TMEEA

TMDAE MegTREN TMDAE

12-c-4 PMDETA

(R,R)-TMCDA

Dimer

TMEDA
Dimer

THF

Toluene
Dimer

Toluene

Monomer

Monomer

Tetranuclear dimer  Tetranuclear dimer

Tetranuclear dimer

Dimer

Polymer

Polymer

2.7889(9)

2.794(3)

2.846(2)
2.848(2)
2.906(2)

)
)
)
)
)

2.8288(11
2.8660(11
2.9254(11
2.8367(11
3.3147(14

13)
13)
11)

—

2.8236
2.8452
2.8808
2.7536
3.3223

2.913(2)
3.073(2)

)
2)
)

2.884(2
2.908(

2.785(2
2.764(2
3.185(3)
3.180(3)
3.223(3)
84.78(6)
85.62(6)
92.04(6)
97.37(7)

)
)
)
)

2.8365(16
2.7942(17
2.7876(17

2.8765(17
3.313(2)

2.7442(13)
2.8534(12)

2.739(2)
2.800(2

2.7629(15)
2.7726(15)
2.7506(15)

K_NHMDS

2.913(2)
3.239(4)

12)
17)

~——

3.313(3)

)

3.303(4)  3.2226(15)

2.7593(15)

3.237(2)
3.2610(19)

K---Cpe
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SIS

83.42(6)
117.64(7)"
96.58(6)
132.40(6)
126.95(6)

84.35(3)
108.36(3)"
95.65(3)
140.39(3) ¢
121.12(3) ¢

84.08(3)
106.43(4)?
95.93(3)
141.54(4)°
122.13(4)

83.08(5)
96.92(5)

80.99(4)
81.81(4)
98.99(5)
98.19(5)

83.73(3)
96.27(3)

85.83(7)
94.17(7)

85.14(4)
85.11(4)

(4)
95.13(4)

94.58
“K-N-K/N-K-N bond angles involving the terminal K (donor) atoms in 7-8.

K-N-K
N-K-N
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angles are identical [K1-N1-K2 85.14(4) and K1-N2-K2
85.11(4)°]. These bond angles are similar to those found in 2
[N1-K1-N1' 94.17(7) and K1-N1-K1, 85.83(7)°]. In addition,
each K atom exhibits long K---C interactions with Me groups
from the HMDS ligands in 1 and 2 [K1---C range 3.237(2)-
3.2951(19) and 3.303(4)-3.402(4) A for 1 and 2, respectively].
Complex 3 crystallises in the monoclinic space group P24/c.
Like most known KHMDS structures,>*36:39:41:49:56:68:69 3 cpyg.
tallises as a dimeric (KHMDS), unit, and it contains two mole-
cules of THF, one coordinating to each K atom (Fig. 3a). The
key features and metrics resemble those found for 1 and 2, a
four membered [K-N-K-N] planar ring, two bridging p-HMDS
ligands and for 2, two distinct K-N bond lengths [2.7442(13)
and 2.8534(12) A]. The two THF ligands are coordinated to the
K atoms in a transoidal manner [K-O bond length is 2.7199
(13) A]. Reflecting the fact that the K atoms are only partially
saturated by the donor molecule in 3 (in comparison with 2),
there is an intermolecular interaction with an HMDS methyl
group of a neighbouring (KHMDS), unit. This results in the
formation of a two-dimensional layer arrangement through
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Fig. 3 (a) Molecular structure of [(KHMDS),(THF),]., 3. Hydrogen atoms
and one disordered component for the CH, framework in the THF
ligand are omitted for simplicity. Displacement ellipsoids are displayed at
35% probability. The dashed lines illustrate K---C interactions. (b) Section
of the extended framework structure showing K---C atom connectivity
between K and Me and (c) the resulting two-dimensional monolayer
packing. Selected bond distances (A) and angles (°): K1-O1 2.7199(13),
K1-N1 2.7442(13), K1-N1' 2.8534(12), K1..-C6" 3.2226(15), O1-K1-N1
129.65(4), O1-K1-N1' 114.86(4), N1-K1-N1'" 96.27(3), K1-N1-KI'
83.73(3), O1-K1-Cé6" 85.98(4), N1-K1-C6" 99.32(4), N1'-K1-Cé6"
135.03(4). The symmetry operations used to generate the equivalent
atoms numbered with "and " are —x + 1, -y + 2, -z and —x + 3/2, y +
1/2, -z + 1/2, respectively.
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K---Me interactions [Fig. 3b and ¢, K1---C6" 3.2226(15) A]. Each
[(KHMDS),(THF),] unit represents a branch point towards four
distinct directions in the polymeric two-dimensional sheet,
two through its K atoms and two via two methyl groups from
each HMDS ligand.

Fig. 4 (a) Molecular structure of [(KHMDS),(TMEDA),] 4, showing one
of the three crystallographically independent molecules within the
asymmetric unit. (b) Molecular structure of [([KHMDS),{(R,R)-TMCDA},] 5.
(c) Molecular structure of the centrosymmetric [(KHMDS),(12-crown-
4),] 6. Hydrogen atoms, one disordered component of one SiMes group
of 4 and one disordered molecule of toluene of crystallisation of 6 are
omitted for simplicity. Displacement ellipsoids are displayed at 35%
probability. The dashed lines illustrate K---C and K---O long interactions.
Selected bond distances (A) and angles (°): for 4, K5-N13 2.8365(16),
K5-N14 2.7942(17), K5-N17 2.9244(17), K5-N18 2.8762(17), K6—-N13
2.7876(17), K6—N14 2.8765(17), K6—N15 2.9489(19), K6—N16 2.8529(19),
K5..-C71 3.373(3), K5---C59 3.397(3), K6---C66 3.313(2), N13-K5-N14
98.99(5), N13-K5-N17 135.20(5), N13-K5-N18 120.17(5), N14-K5-N17
115.45(5), N14-K5-N18 123.69(5), N17-K5-N18 63.27(5), N13-K6—-N16
133.38(5), N13-K6—N14 98.19(5), N16—K6—-N14 111.74(5), N13-K6-N15
118.70(5), N15-K6-N16 62.86(5), N14-K6—-N15 133.61(5), K5—N14-K6
80.99(4), K5—N13-K6 81.81(4); for 5, K1-N2 2.884(2), K1-N1 2.908(2),
K1-N5 2.959(2), K1-N6 3.035(2), K2—-N1 2.785(2), K2-N3 2.878(2), K2—
N2 2.764(2), K2—N4 2.878(2), K1-C11 3.369(3), K1-C26 3.185(3), K2-C4
3.223(3), K2—-C9 3.180(3), K2—C14 3.346(3), K2—C15 3.299(3), N1-K1-N2
92.04(6), N2-K1-N5 128.12(7), N1-K1-N5 125.61(7), N2-K1-N6
130.71(7), N1-K1-N6 125.71(7), N5-K1-N6 57.22(6), K1-N1-K2 84.78(6),
N1-K2-N2 97.37(7), N2-K2-N3 138.81(7), N1-K2-N3 115.26(7), N2-
K2-N4 106.44(7), N1-K2—-N4 144.64(7), N3—-K2-N4 60.14(6), K1-N2-K2
85.62(6); for 6, K1-O1 2.9124(19), K1-02 2.773(2), K1-O3 2.8024(18),

K1-04 3.121(2), K1-N1 3.073(2), K1-N1' 2.913(2), K1'=N1 2.913(2),
K1..-C6' 3.313(3), O2-K1-03 61.01(6), O2-K1-01 59.05(6), O3-K1-0O1
84.81(5), 02-K1-N1' 91.72(6), O3-K1-N1' 79.98(6), O1-K1-NI1'
150.78(6), O2-K1-N1 138.32(6), O3-K1-N1 160.67(6), O1-K1-N1
105.29(6), K1-N1-K1' 83.08(5), N1'-K1-N1 96.92(5), 02-K1-O4
88.27(6), 03-K1-0O4 55.82(5), O1-K1-04 56.26(6), NI1'-K1-O4

128.82(6), N1-K1-O4 116.04(5). The symmetry operation used to
generate the equivalent atoms numbered with in 6 is —x + 1, -y, —z.
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Derivatives 4-6 crystallised as discrete dimers (Fig. 4a—c).
Whilst 4 and 6 are both in the monoclinic space group P2,/c, 5
is in the orthorhombic Sohncke space group P2,2,2,. TMEDA
and its chiral analogue (R,R)-TMCDA are widely utilised biden-
tate Lewis donor ligands in the chemistry of alkali metals;”®">
thus surprisingly, 4 and 5 represent the first structural
examples of a KHMDS species solvated by these important
diamine ligands. The asymmetric unit of 4 contains three dis-
tinct molecules of [(KHMDS),(TMEDA),]; two of them present
some degree of disorder, which hampers their structural dis-
cussion. The third is discussed below. Complexes 4-6 resemble
the archetypical planar four-membered K,N, metalla-cyclo-
dimer [sum of endocyclic angles, 359° for 4 and 357° for 5]
previously seen in 1-3 and in the solvent-free
[(KHMDS),]...>*** In 4 and 5, each K atom is coordinated to
two bridging p-HMDS amido groups and to the chelating
TMEDA and (R,R)-TMCDA ligands, respectively, resulting in
the metals being four coordinate in a distorted tetrahedral geo-
metry [N-K-N range 63.27(5)-135.20(5) and 62.86(5)-133.38(5)°
for K5 and K6 in 4, and 55.22(6)-130.71(7) and 60.14(6)-
138.81(7)° for K1 and K2 in 5; Fig. 4a and b, respectively].
However, each K in the centrosymmetric 6 binds a tetradentate
12-crown-4 ligand resulting in six-coordinated metal centres.
In 4, the K-Nyups bond distances are identical [2.7942(17)
and 2.7876(17) A], whilst for 5 there is a short and long set of
K-Nimps bonds [short K2-N1 and K2-N2 lengths of 2.785(2)
and 2.764(2) A, and long K1-N1 and K1-N1 lengths of 2.908(2)
K1-N2 2.884(2) A, respectively]. As expected, these are shorter
than the K-Npygpa lone-pair dative interactions with either
TMEDA or (R,R)-TMCDA ligands in 4 and 5, respectively
[K-Nrmepa range 2.8529(19)-2.9489(19) A in 4 and K-Ng gymmopa
range 2.878(2)-3.035(2) A in 5]. The coordination modes of the
K atoms in 4 and 5 closely resemble those found in related
dimeric  [(KDA),(TMEDA),]”> and [(KTMP),(TMEDA),].”*
Turning to 6 (Fig. 4c), the K-Nypps bond distances are notice-
ably longer [2.913(2) and 3.073(2) A] than those for 4 and 5,
and as expected longer than that in the donor-free reagent
[mean 2.787 A].* This is presumably the result of the different
nature and higher denticity of the 12-crown-4 ligand resulting
in six coordinate K atoms. The 12-crown-4 ligand coordinates
the K metal centres being slightly distorted, thus resulting in
four distinct K-O bond lengths. Three of them are in the range
2.773(2)-2.912(2) A; however, the fourth K-O distance (K1-04)
is considerably longer at 3.121(2) A. The K atoms are located
approximately 2.1 A above the mean plane of O atoms within
the 12-crown-4 molecules. The internal angles at the K atoms
in the centrosymmetric K,N, ring are approximately 14° wider
than the angles at the N atoms [N-K-N 96.92(5), K-N-K 83.08
(5)°], where the latter present an intermediate value between
those found in 4 and 5. The mean K-N bond distance of the
central (KHMDS), ring of 6 is 2.99 A. In keeping with the other
complexes discussed herein, the coordination spheres of both
K atoms in 4-6 are completed by a series of long intra-
molecular K---Cyyps interactions [range 3.313(3)-3.397(2) and
3.180(3)-3.369(3) A in 4 and 5, respectively] while a single
K---Cumps interaction can be found in 6 for each potassium
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atom [3.313(3) A]. Complex 6 is a rare example of a potassium
amide 12-crown-4 dimer, only two other examples have been
reported with different amides, (2-phenylamido)pyridine”® and
(trimethylsilylamido)pyridine.”®

Complexes 7 and 8 both crystallised in the monoclinic
system space group P24/n, whilst 9 crystallised in the triclinic
system P1. Complexes 7-9 (Fig. 5a—c) are essentially isostruc-
tural and can be considered as being composed of two
[(donor)K-N-K-N] chains which are linked together though
two K-Nymps bonds forming a 1:2 donor: KHMDS tetranuc-
lear discrete arrangement with a central cyclo-dimer
(KHMDS), unit. The central K,N, ring is planar in 7-9 (sum of
endocyclic angles, 360° for 7-9). Two distinct types of K atoms
are found in 7-9 occupying ‘internal’ and ‘external’ positions.
Tridentate PMDETA and TMDAE, and the tetradentate
MesTREN ligand respectively coordinate the external K atoms
in an anti-disposition. The terminal metals are in a distorted
tetrahedral environment in 7 and distorted square planar
environment in 8. In 9, the tetradentate amine MegsTREN coor-
dinates the external K centres in a n*-manner, rendering these
metals five-coordinated [N-K-N range 62.42(7)-165.97(6)°].
The three N-donor arms emerging from the central N donor in
the tripodal MesTREN ligand are disposed in a plane in which
the K atoms occupy a position approximately 1.41 A above it.
The internal K atoms bind to two bridging Ngumps atoms
forming the cyclic (KHMDS), motif (mean K-Nyyps 2.83, 2.85
and 2.88 A for 7, 8 and 9, respectively) and additionally to a
bridging Nymps atom from a [(KHMDS)(donor)] unit [K1-N2
2.8808(11) for 7, K2-N3 2.9254(11) for 8 and K2-N5 2.906(2) A
for 9]. The K atoms in the central cyclo-dimer present a dis-
torted trigonal planar geometry in the three examples [range
N-K-N 95.93(3)-141.54(4) for 7, N4'-K2-N3 95.65(3)-140.39(3)
for 8 and 96.58(6)-132.40(6)° for 9]. The K-Nyppg bond dis-
tances are similar in 7-9 and as alluded to previously it is they
are shorter than the corresponding K-Ngonor bond length
[mean K-Npypera distance 2.90 A for 7, mean K-Npypag and
K-Orupag distances of 2.98 and 2.7362(10), respectively, for 8,
and mean K-Ny tren distance 3.00 A for 9]. Additionally, the
K atoms in 7, 8 and 9 show stabilizing long K---C contacts with
methyl groups from the HMDS and donor ligands [K---C range
3.3223(17)-3.366(3) for 7, 3.3147(14)-3.3353(15) for 8, 3.239(4)-
3.402(3) A for 9]. A search of the Cambridge Crystallographic
Database’” reveals only four solid state structures with
MesTREN coordinating to a K metal centre, including benzyl
potassium complexes [PhCH,K(MesTREN)] and 3,5-dimethyl-
benzyl potassium [3,5-Me,CoH;CH,K].>>7®

In an effort to prepare and characterise the solid state struc-
tures of monomeric KHMDS species we used TMDAE and the
heptadentate TMEEA donor molecules in 2:1 and 1:1
donor: HMDS molar ratios yielding 10 and 11, respectively.
X-ray crystallographic analysis reveals that 10 crystallises in the
monoclinic space group P;2,/a; whilst 11 crystallises in the tri-
clinic space group P1. The structures of 10 and 11 (Fig. 6a and
b, respectively) consist of discrete solvated monomeric species
of KHMDS containing two molecules of TMDAE and one mole-
cule of the multidentate TMEEA molecule coordinating the K
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Fig. 5 (a) Molecular structures of [(KHMDS),{(PMDETA-KHMDS),}] 7, (b) [(KHMDS),{(TMDAE-KHMDS),}| 8 and (c) [(KHMDS),{(MesTREN-KHMDS),}] 9.
Hydrogen atoms and one toluene molecule of crystallisation for 9 are omitted for simplicity. Displacement ellipsoids are displayed at 35% probability.
Selected bond distances (A) and angles (°): for 7, K1-N1 2.8236(13), K1-N1' 2.8452(13), K1-N2 2.8808(11), N1-K1' 2.8451(13), K2—N2 2.7536(12), K2—
N4 2.8525(13), K2-N3 2.9035(15), K2—N5 2.9528(13), K2.--C9 3.3223(17), K2:--C15 3.366(3), K1-N1-K1' 84.08(3), K1-N2-K2 106.43(4), N1-K1-N1'
95.93(3), N1-K1-N2 141.54(4), N1'-K1-N2 122.13(4), N2—-K2—-N4 120.54(4), N2—-K2-N3 131.85(4), N4-K2-N3 63.47(4), N2-K2-N5 123.17(4), N4—
K2-N5 64.90(4), N3-K2—-N5 102.46(4), the symmetry operation used to generate the equivalent atoms numbered with "is —x + 1, -y + 1, —z + 1; for
8, K1-01 2.7362(10), K1-N3 2.8367(11), K1-N2 2.9579(12), K1-N1 2.9972(13), K2—-N4' 2.8288(11), K2-N4 2.8660(11), K2—N3 2.9254(11), O1-K1-N3
173.68(3), O1-K1-N2 59.83(3), K1..-C18' 3.3147(14), K2---C18" 3.3353(15), K2-N4-K2' 84.35(3), K2-N3-K1 108.36(3), N3-K1-N2 126.25(3), O1-K1-
N1 60.04(4), N3—-K1-N1 113.95(4), N2—-K1-N1 119.79(4), N4'-K2-N4 95.65(3), N4'-K2-N3 121.12(3), N4-K2-N3 140.39(3), the symmetry operation
used to generate the equivalent atoms numbered with "is —x + 2, -y + 1, —z + 1; for 9, K1-N5 2.913(2), K1-N2 2.919(2), K1-N1 3.003(3), K1-N4
3.018(2), K1-N3 3.048(2), N5-K2 2.906(2), K2—-N6' 2.846(2), K2—-N6 2.848(2), N6—K2' 2.846(2), K1---C23 3.402(3), K2---C30" 3.239(4), K2—N6-K2'
83.42(6), K2—N5-K1' 117.64(7), N5-K1-N2 119.91(6), N5-K1-N1 126.90(7), N2—-K1-N1 101.57(7), N5-K1-N4 165.97(6), N2-K1-N4 62.44(6), N1-K1-
N4 62.42(7), N5-K1-N3 105.29(7), N2—K1-N3 96.24(7), N1-K1-N3 101.16(8), N4—K1-N3 60.96(6), K2—N5-K1 117.64(7), N6'-K2—-N6 96.58(6), N6'—

K2-N5 132.40(6), N6—K2—N5 126.95(6), the symmetry operation used to generate the equivalent atoms labelled with "is —x + 3, -y + 1, —z + 1.

metal centres, respectively. Two chemically identical but crys-
tallographically distinct molecules of 10 are observed within
its asymmetric cell; however, for simplicity and due to disorder
in one of the molecules, the structural parameters of only one
molecule will be discussed. The K metal centre is seven-coordi-
nate bound to the TMDAE and HMDS ligands in 10, increasing
its coordination number to eight in 11. The salient structural
feature of 10 and 11 is that these compounds are monomeric.
In keeping with the tendency observed in the previous
examples, the K-Nyvps bond lengths found in 10 are shorter
than the K-Ngonor bond distances [K2-N6ynps 2.794(3), mean
K-Ngonor 3.208 A] with K-O bond distances of 2.814(2) and
2.824(2) for K2-O3 and K2-04, respectively. Also, in 11, the
K-Npmps bond length [K1-N2 2.7889(9) A] is shorter than the
K-Ngonor [K1-N1 3.1364(9) A], and noticeably one of the K-O
bond lengths is shorter than K-Nyyps bond distance [K1-O1
2.7613(8) A] while the rest of the K-O bond lengths are in the
range 2.8131(9)-3.3145(10) A. One example of a solvated mono-
meric species [KHMDS(18-crown-6)] was previously crystallo-
graphically characterised’® where the K atom is hepta-
coordinated to the chelating crown ligand and HMDS group.
Both compounds, 10 and 11, crystallise from toluene solu-
tions. The affinity of heavy alkali metals to engage
n-interactions with arenes is well known;**%°8® however, in
the presence of the corresponding multidentate ligands
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TMDAE and TMEEA in 10 and 11, respectively, there is no
interaction with the arene in the solid-state structures.

NMR spectroscopic studies

Crystalline compounds 1-11 were studied by 'H, '*C and
DOSY NMR spectroscopies in CgDg solution. The 'H and '*C
NMR spectra of 1-11 showed two distinct set of signals corres-
ponding to the Lewis base donor of choice and the HMDS
group. In general, the Lewis donor ligand : HMDS ratio found
in the "H NMR spectra is in agreement with the proportions
found in the crystalline structures of complexes. However, the
observed toluene : HMDS ratios in the "H NMR spectra of 1
and 2 were slightly smaller than expected (1:2 and 1:1,
respectively) presumably due to the partial removal of the
labile arene ligand during their isolation. The "H NMR chemi-
cal shifts for the HMDS ligand in the toluene-containing com-
pounds 1 and 2, and in the PMDETA-solvate 7 are practically
identical (0.13 ppm for 1 and 2, and 0.14 ppm for 7), whilst it
is marginally shifted downfield for the THF-solvate 3
(0.16 ppm). For the dimeric complexes containing the biden-
tate N-donor ligands TMEDA and (R,R)-TMCDA, 4 and 5, the
HMDS singlet appears only slightly shifted downfield
(0.23 ppm in both) with respect to 1-3, and is similar to that
found for the TMEDA species 4 (0.24 ppm). However, the "H
NMR resonance for the HMDS ligand for the 12-crown-4,

This journal is © The Royal Society of Chemistry 2017
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Fig. 6 (a) Molecular structure of [KHMDS(TMDAE),] 10, showing one of
the two crystallographically independent molecules within the asym-
metric unit. (b) Molecular structure of [KHMDS(TMEEA)] 11. Hydrogen
atoms are omitted for simplicity. Displacement ellipsoids are displayed
at 35% probability. The TMDAE and TMEEA ligands are pictured in 10
and 11 as capped sticks with translucent space-filling van der Waals sur-
faces for a probe of 1.5 A radius. Selected bond distances (A) and angles
(°): for 10, K2-N6 2.794(3), K2-03 2.814(2), K2-04 2.824(2), K2—-N9
2.960(3), K2:--N10 3.559(3), K2—N8 2.975(3), K2:--N7 3.337(3), N6—-K2—
O3 111.44(8), N6-K2-04 106.42(9), O3-K2-04 141.91(8), N6-K2-N9
132.63(8), O3-K2-N9 95.50(9), O4-K2-N9 60.13(9), N6-K2-N8
134.58(9), O3-K2-N8 59.22(8), O4-K2-N8 90.93(9), N9-K2-N8
92.54(9), N6—-K2—-N7 83.46(9), O3-K2—-N7 55.33(8), O4—-K2-N7 135.52(8),
N9-K2-N7 81.01(9), N8-K2-N7 113.00(9), N6—K2-N10 83.97(8), N10-
K2-N7 166.99(8); for 11, K1-O1 2.7613(8), K1-N2 2.7889(9), K1-0O6
2.8131(8), K1-O4 2.8736(8), K1-O5 2.9078(8), K1-O3 2.9652(8), K1-N1
3.1364(9), K1.--02 3.3145(10), O1-K1-N2 80.00(3), O1-K1-06 150.12(3),
N2-K1-06 83.93(3), 01-K1-04 137.21(3), N2—-K1-04 121.03(3), O6—-K1-
04 72.63(2), O1-K1-0O5 111.53(2), N2-K1-O5 122.61(2), O6-K1-O5
57.96(2), 04-K1-05 88.90(2), 01-K1-03 90.45(2), N2—-K1-03 161.50(2),
06-K1-03 111.11(2), O4-K1-03 57.56(2), O5-K1-03 75.61(2), O1-K1-
N1 57.01(2), N2-K1-N1 126.60(2), O6-K1-N1 117.35(2), O4-K1-N1
112.19(2), O5-K1-N1 59.71(2), O3-K1-N1 57.04(2), O1-K1-0O2 56.12(2),
N2-K1-02 85.08(3), 06—-K1-02 147.03(2), O4-K1-02 86.86(2), O5-K1-
02 149.24(2), 03-K1-02 76.45(2), N1-K1-0O2 94.02(2).

MesTREN and TMDAE derivatives 6, 9 and 10 appears mark-
edly further downfield (0.35, 0.30 and 0.37 ppm, respectively),
being even farther shifted for the monomeric TMEEA species
11 (0.49 ppm). The HMDS resonance in the *C NMR spectra
for the complexes 1-11 appears in the range 7.2-7.5 ppm.
Solution studies by DOSY NMR spectroscopy. In an effort to
gain more information regarding the solution state structures
of the different solvates of KHMDS isolated, 1, 3, 4, 6 and 9-11
were fully studied by DOSY NMR spectroscopy in arene [C¢Dg
and Dg-toluene] and Dg-THF solutions (see the ESIT for full
details). The NMR spectroscopic data in arene solution show a
similar trend for all the complexes, consisting of partial dis-
sociation of the corresponding Lewis basic donor molecule
present in the crystalline structures and replacement by arene
molecules. Additionally, this process is accompanied by mono-
merisation of KHMDS to form [KHMDS{[deutero-arene},] as a
major species in arene solutions of 1, 3, 4, 6 and 9-11 [range
of MW(DOSY, Cg¢Dg) for 1, 3, 4 and 9-11, 314-373 g mol ™,
MW(calc.) for [KHMDS(C¢Dg),] is 368 ¢ mol™", 2-14% error;
MW(DOSY, Dg-toluene) for 6, 361 g mol™', [KHMDS(Dg-
toluene),] is 400 g mol™", 9% error]. This effect is more promi-
nent when more polar Dg-THF is used. The DOSY NMR data
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for 3, 4, 6, 9, 10 and 11 in Dg-THF solutions reveal full dis-
sociation of the corresponding Lewis basic donor ligand and
replacement by molecules of Dg-THF producing the mono-
meric [KHMDS(Dg-THF),] as major species in solution
[MW(DOSY, Dg-THF) range for 3, 4, 6, 9, 10 and 11, 317-375
g mol™', MW(calc.) for [KHMDS(Dg-THF),] is 360, 4-12% error.

Conclusions

The solid and solution structural chemistry of KHMDS has
been developed by exploring its coordination with a series of
Lewis donor molecules. In the solid state, four different aggre-
gation forms of KHMDS have been found, namely, a linear
polymeric chain array (in the presence of toluene), two-dimen-
sional polymeric layer arrangement (with THF), dimeric
arrangements (with toluene, TMEDA, R,R-TMCDA and
12-crown-4), tetranuclear aggregates (with PMDETA, TMDAE
and MesTREN), and discrete monomeric species (with TMDAE
and TMEEA). Solution studies by DOSY NMR spectroscopy in
[Dg]THF and arene (C¢D¢ and Dg-toluene) reveal that mono-
merisation of KHMDS and displacement of the Lewis donor by
these solvents occur in all the examples studied at ambient
temperature.

Experimental
General procedures

All manipulation and reactions were performed under an
atmosphere of dry pure argon gas using standard high vacuum
Schlenk and glove box techniques. n-Hexane, toluene and
tetrahydrofuran (THF) were distilled under reflux with sodium
metal and benzophenone under a nitrogen atmosphere.
Toluene was additionally stored over activated 4 A molecular
sieves. C¢Dg, [Dg]toluene and [D,,]cyclohexane were degassed
and dried over activated 4 A molecular sieves. [Dg]THF was
stored over a potassium metal mirror. KHMDS was purchased
from  Aldrich and used as received. N,N,N',N'-
Tetramethylethylenediamine (TMEDA), N,N,N',N",N"-penta-
methyldiethylenetriamine (PMDETA) and N,N,N,N'-tetra-
methyldiaminoethyl ether (TMDAE) were purchased from
Aldrich, distilled with CaH, under a nitrogen atmosphere and
stored over activated 4 A molecular sieves. Tris{2-(2-meth-
oxyethoxy)ethylfamine (TMEEA) and 12-crown-4 were purchased
from Aldrich and stored over activated 4 A. Tris[2-dimethyl
(amino)ethyl]amine was prepared by a previously reported
method®” and stored over activated 4 A molecular sieves. NMR
spectra were collected on a Bruker AV400 MHz spectrometer
operating at 400.1 and 100.6 MHz for 'H and **C, respectively.
'H and "C{'H} NMR chemical shifts are expressed in parts per
million (5, ppm) and referenced to residual solvent peaks.
Microanalyses were obtained using a PerkinElmer 2400
elemental analyser.
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X-ray crystallography

Crystallographic data were collected at 123(2) K on Oxford
Diffraction Xcalibur (Mo-Ka radiation, A = 0.71073 A, for 3, 4,
6, and 11) and Gemini (Mo-Ka radiation, 4 = 0.71073 A, for 9;
Cu-Ka radiation, 4 = 1.5418 A, for 1, 2, 5, 7, 8 and 10) diffracto-
meters. The structures were solved and refined to convergence
on F* and against all independent reflections by full-
matrix least-squares using SHELXS and SHELXL programs,®®
respectively. All non-hydrogen atoms were refined anisotropi-
cally and hydrogen atoms were geometrically placed and
allowed to ride on their parent atoms. The THF ligand in 3,
SiMe; groups and a TMEDA ligand in 4, the chelate group of
10, and toluene molecules of crystallisation in 6 and 9 were
modelled as disordered over two sites with the geometry and
displacement parameters of these groups restrained to
approximate typical values. Selected crystallographic and
refinement details are provided in Tables S1 and S2.f CCDC
1537847 to 1537857 (1-11) contain the supplementary crystal-
lographic data for this paper.

Synthesis of [(KHMDS),(toluene)], (1). KOBu (0.56 g,
5 mmol) was reacted with LIHMDS (0.84 g, 5 mmol) in
n-hexane (20 mL) for 5 days. After this time, the solvent was
removed under vacuum and the product was extracted in hot
toluene (30 mL). Suitable crystals of 1 for an X-ray diffraction
study were grown by cooling down a hot solution of 1 in a
2:1 mixture of n-hexane/toluene (9 mL) in a hot water bath
(24 h). The crystalline material was filtered, washed with cold
n-hexane (5 mL) and dried under vacuum for 10 min. Yield:
0.44 g, 0.94 mmol, 38%. In agreement with 'H NMR and
microelemental analyses toluene is partially removed (approxi-
mately 25%) during isolation of 1. "H NMR (400.1 MHz, C¢Ds,
300 K): 6 0.13 (s, 36 H, Me;Si), 2.11 (s, 3 H, Me-toluene), 7.03
(m, 3 H, toluene), 7.12 (d, 2 H, *J;;; = 8.0 Hz, toluene). "*C{'H}
NMR (100.6 MHz, C¢Ds, 300 K): & 7.2 (Me;Si), 21.4 (Me-
toluene), 125.7 (para-CH, toluene), 128.6 (meta-CH, toluene),
129.3 (ortho-CH, toluene), 137.9 (ipso-C, toluene). Anal. caled
(found) for C,,H;K,N,Sis-Cs,5He: C, 44.26 (45.44); H, 9.04
(9.25); N, 5.98% (5.69%).

Synthesis of [(KHMDS),(toluene),] (2). KHMDS (1.00 g,
5 mmol) was taken up in hot toluene (10 mL) and then filtered
to give a colourless solution. This solution was then concen-
trated (ca. 3-5 mL) and placed at —27 °C (12 h) to give crystals
of 2 suitable for an X-ray crystallographic study. The crystalline
material was filtered, washed with cold n-hexane (5 mL) and
dried under vacuum for 10 min. Yield: 0.58 g, 1.16 mmol,
46%. In agreement with "H NMR and microelemental analyses
toluene is partially removed (approximately 45%) during iso-
lation of 2. "H NMR (400.1 MHz, C¢Dg, 300 K): 5 0.13 (s, 18 H,
Me;Si), 2.11 (s, 3 H, Me-toluene), 7.02 (m, 2 H, toluene), 7.13
(d, 2.5 H, *Jyu = 8.0 Hz, toluene). *C{'"H} NMR (100.6 MHz,
CeDs, 300 K): 5 7.2 (Me;Si), 21.4 (Me-toluene), 125.7 (para-CH,
toluene), 128.6 (meta-CH, toluene), 129.3 (ortho-CH,
toluene), 137.9 (ipso-C, toluene). Anal. caled (found) for
C1oH36K,N,Sis-C,-Hgg: C, 47.29 (47.31); H, 9.03 (8.88); N,
5.60% (5.53%).
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Synthesis of [(KHMDS),(THF),],, (3). THF (0.65 mL,
8 mmol) was added via a syringe to a stirred white suspension
of KHMDS (0.80 g, 4 mmol) in n-hexane (20 mL). The reaction
mixture was stirred for 5 min yielding a colourless solution.
Crystals of 2 suitable for an X-ray diffraction study were
obtained by cooling down the resulting solution at —27 °C
(12 h). The crystalline material was filtered, washed with cold
n-hexane (10 mL) and dried under vacuum for 10 min. Yield:
0.35 g, 0.68 mmol, 34%. In agreement with 'H NMR and
microelemental analyses THF is partially removed (approxi-
mately 20%) from 3 during isolation. "H NMR (400.1 MHz,
CeDg, 300 K): 5 0.16 (s, 18 H, Me;Si), 1.40 (m, 4 H, p-CH,-THF),
3.52 (m, 4 H, a-CH,-THF). *C{'"H} NMR (100.6 MHz, C¢D,
300 K): 6 7.0 (MesSi), 25.7 (B-CH,-THF), 67.8 (a-CH,-THF).
Anal. caled (found) for C;,H36K,N,Sis-CeaHis 50160 C, 42.97
(43.86); H, 9.56 (9.94); N, 5.45% (5.41%).

Synthesis of [(KHMDS),(TMEDA),] (4). TMEDA (0.6 mL,
4 mmol) was added via a syringe to a stirred white suspension
of KHMDS (0.80 g, 4 mmol) in n-hexane (20 mL) producing a
slightly cloudy reaction mixture after 20 min at room tempera-
ture. The reaction mixture was then heated and filtered to give
a colourless solution which was concentrated under vacuum
(10 mL). Crystals of 4 suitable for an X-ray diffraction study
were obtained by cooling down the resulting solution at
—27 °C (12 h). The crystalline material was filtered, washed
with cold n-hexane (5 mL) and dried under vacuum for
10 min. Yield: 0.58 g, 0.92 mmol, 46%. "H NMR (400.1 MHz,
C¢Ds, 300 K): 6 0.23 (s, 18 H, MesSi), 2.04 (s, 12 H, Me-
TMEDA), 2.05 (s, 4 H, CH,-TMEDA). ">C{"H} NMR (100.6 MHz,
CsDs, 300 K): 7.3 (Me;Si), 45.6 (Me-TMEDA), 57.6 (CH,-
TMEDA). Anal. caled (found) for C,;HegK,NeSiy: C, 45.66
(45.95); H, 10.86 (11.42); N, 13.31% (13.34%).

Synthesis of [(KHMDS),{(R,R)-TMCDA},] (5). (R,R)-TMCDA
(0.38 mL, 2 mmol) was added via a syringe to a stirred white
suspension of KHMDS (0.40 g, 2 mmol) in n-hexane (20 mL)
producing a slightly cloudy reaction mixture after 20 min at
room temperature. The reaction mixture was then filtered to
give a colourless solution which was concentrated under
vacuum (5 mL). Crystals of 5 suitable for an X-ray diffraction
study were obtained by cooling down the resulting solution at
—27 °C (12 h). The crystalline material was filtered, washed
with cold n-hexane (5 mL) and dried under vacuum for
10 min. Yield: 0.34 g, 0.46 mmol, 46%. 'H NMR (400.1 MHz,
C¢Ds, 300 K): 5 0.23 (s, 18 H, Me,Si), 0.89 (s, 4 H, p/y-CH,~(R,R)-
TMCDA), 1.60 (s, 4 H, p/y-CH,-(R,R)-TMCDA), 2.12 (s, 2 H,
o-CH,~(R,R)-TMCDA), 2.19 (s, 12 H, Me-(R,R)-TMCDA). “*C{"H}
NMR (100.6 MHz, C¢Dg, 300 K): § 7.4 (Me;Si), 23.9 (B-CH,-(R,
R)-TMCDA), 25.8 (y-CH,-(R,R}-TMCDA), 40.4 (Me-(R,R)-
TMCDA), 64.2 (a-CH-(R,R)-TMCDA). Anal. caled (found) for
C3,HgoK,NeSiy: C, 51.97 (52.01); H, 10.90 (10.74); N, 11.36%
(11.40%).

Synthesis of [(KHMDS),(12-crown-4),] (6). 12-Crown-4
(0.16 mL, 1 mmol) was added via a syringe to a stirred suspen-
sion of KHMDS (0.20 mg, 1 mmol) in toluene (10 mL) to yield
a bright yellow solution. The reaction was concentrated under
vacuum (2 mL). Crystals of 6 suitable for an X-ray diffraction

This journal is © The Royal Society of Chemistry 2017
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study were obtained at —27 °C (3 days). In agreement with "H
NMR and microelemental analyses the toluene solvent mole-
cule of crystallisation present in the crystal lattice of 6 is
removed upon isolation. Yield: 0.36 g, 0.48 mmol, 96%. 'H
NMR (400.1 MHz, C¢Dy, 300 K): § 0.43 (s, 18 H, Me;Si), 3.06 (s,
16 H, CH,). *C{'H} NMR (100.6 MHz, C¢Ds, 300 K): § 7.4
(Me;Si), 67.1 (CH,). Anal. caled (found) for C,gHegK,N,OgSiy:
C, 44.76 (44.51); H, 9.12 (9.12); N, 3.73% (3.43%).

Synthesis of [(KHMDS),{(PMDETA-KHMDS),}] (7). PMDETA
(0.21 mL, 1 mmol) was added via a syringe to a stirred gently
heated suspension of KHMDS (0.40 mg, 2 mmol) in hexane
(20 ml) to give a slightly cloudy reaction mixture. The reaction
was filtered to yield a colourless solution. The solution was
concentrated (4 mL) and placed inside a hot water bath (24 h)
to give crystals of 7 suitable for an X-ray diffraction study. The
crystalline material was filtered, washed with cold n-hexane
(5 mL) and dried under vacuum for 15 min. Yield: 0.30 g,
0.26 mmol, 52%. "H NMR (400.1 MHz, C¢Ds, 300 K): § 0.22 (s,
36 H, Me;Si), 2.00 (s, 12 H, Me,N-PMDETA), 2.01 (s, 3 H, MeN'-
PMDETA), 2.06 (br t, 4 H, *Juy = 6 Hz, CH,-PMDETA), 2.15 (br
t, 4 H, Juy = 6 Hz, CH,-PMDETA). '"H NMR (400.1 MHz,
[D]gtoluene, 300 K): 5 0.14 (s, 36 H, Me;Si), 2.02 (s, 12 H,
Me,N-PMDETA), 2.04 (s, 3 H, MeN'-PMDETA), 2.08 (br t, 4 H,
*Jun = 6 Hz, CH,-PMDETA), 2.17 (br t, 4 H, *Jy; = 6 Hz, CH,-
PMDETA). "*C{'H} NMR (100.6 MHz, [D]gtoluene, 300 K): § 7.3
(Me;Si), 42.7 (MeN'-PMDETA), 45.7 (Me,N-PMDETA), 55.9 (CH,-
PMDETA), 57.6 (CH,-PMDETA). Anal. caled (found) for
C42H115K4Ny(Sig: C, 44.08 (44.15); H, 10.39 (11.40); N, 12.24%
(12.36%).

Synthesis of [(KHMDS),{(TMDAE-KHMDS),}] (8). TMDAE
(0.19 mL, 1 mmol) was added via a syringe to a stirred gently
heated suspension of KHMDS (0.40 g, 2 mmol) in n-hexane
(20 mL) yielding a pale-yellow solution. The solution was con-
centrated to (5 mL) and suitable crystals of 8 for an X-ray dif-
fraction study were obtained by cooling down the solution at
—27 °C (24 h). The crystalline material was filtered, washed
with cold n-hexane (5 mL) and dried under vacuum for
10 min. Yield: 0.37 g, 0.33 mmol, 66%. 'H NMR (400.1 MHz,
C¢Dg, 300 K): & 0.24 (s, 36 H, Me;Si), 1.99 (s, 12 H,
MeO-TMDAE), 2.13 (t, 4 H, *Jyy = 5.6 Hz, CH,N-TMDAE), 3.13
(t, 4 H, *Juy = 5.6 Hz, CH,O-TMDAE). “C{'H} NMR
(100.6 MHz, C¢Dg, 300 K): § 7.4 (Me;Si), 45.4 (MeO-TMDAE),
59.1 (CH,N-TMDAE), 68.4 (CH,O-TMDAE). Anal. calcd (found)
for CaoH;1,K,NgO,Sig: C, 42.96 (41.99); H, 10.09 (9.82); N,
10.02% (9.74%). %C values were variable and higher than
expected. This has been attributed to the high reactivity of 8.

Synthesis  of [(KHMDS),{(Mes,TREN-KHMDS),}]  (9).
MesTREN (0.26 mL, 1 mmol) was added to a stirred white sus-
pension of KHMDS (0.40 g, 2 mmol) in toluene (5 mL) and
stirred for 10 minutes. The resulting solution was concentrated
(3 mL) and suitable crystals of 9 for an X-ray diffraction study
were obtained at —35 °C (24 h). Yield: 0.22 g, 0.18 mmol, 36%.
'H NMR (400.1 MHz, C¢Dg, 300 K): 5 0.29 (s, 36 H, Me,Si), 1.88
(m, 6 H, CH,-MesTREN), 1.90 (m, 6 H, CH,-MegTREN), 1.96 (s,
18 H, Me,N). *C{'H} NMR (100.6 MHz, C¢Ds, 300 K): § 7.5
(Me;Si), 45.7 (Me,N), 52.6 (CH,-MecTREN), 57.7 (CH,-
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Me¢TREN). Anal. caled (found) for C,gH;3,K4Ny,Sig: C, 45.80
(45.58); H, 10.57 (10.27); N, 13.35% (13.26%).

Synthesis of [KHMDS(TMDAE),] (10). TMDAE (0.76 mL,
4 mmol) was added via a syringe to a stirred and hot suspen-
sion of KHMDS (0.40 g, 2 mmol) in hexane (20 mL) to give a
pale yellow solution. The solution was concentrated (5 mL)
and crystals of 11 suitable for an X-ray diffraction study were
obtained at —27 °C (5 h). The crystalline material was filtered,
washed with cold n-hexane (5 mL) and dried under vacuum for
15 min. Yield: 0.65 g, 1.25 mmol, 62%. 'H NMR (400.1 MHz,
CeD1s, 300 K): 6 —0.08 (s, 8 H, Me;Si), 2.20 (s, 12 H,
MeO-TMDAE), 2.42 (t, 4 H, *Jyy = 5.8 Hz, CH,N-TMDAE), 3.51
(t, 4 H, *Juy = 5.8 Hz, CH,O-TMDAE). “C{'H} NMR
(100.6 MHz, C¢Ds, 300 K): § 7.4 (Me;Si), 46.2 (MeO-TMDAE),
60.0 (CH,N-TMDAE), 70.0 (CH,O-TMDAE). Anal. calcd (found)
for C,,HsgKN50,Si,: C, 50.82 (50.60); H, 11.24 (11.12); N,
13.47% (13.77%).

Synthesis of [KHMDS(TMEEA)] (11). TMEEA (0.84 mL,
2 mmol) was added via a syringe to a stirred white suspension
of KHMDS (0.40 g, 2 mmol) in n-hexane (20 mL) to give a
brown oily material. The solvent was removed under vacuum
until dryness and toluene (4 mL) was added to give a brown
solution. Suitable crystals of 10 for an X-ray diffraction study
were grown from a 1:5 mixture of n-hexane/toluene (6 mL) at
—27 °C (12 h). The crystalline material was filtered, washed
with cold n-hexane (10 mL) and dried under vacuum for
15 min. Yield: 0.72 g, 1.38 mmol, 69%. 'H NMR (400.1 MHz,
CeDs, 300 K): 5 0.49 (s, 18 H, Me;Si), 2.25 (t, 6 H, *Jyy = 5.0 Hz,
CH,-N), 3.16 (t, 6 H, *J;; = 5.0 Hz, N-CH,-CH,-0), 3.22 (s,
9 H, MeO), 3.31 (m, 6 H, CH,-OMe), 3.36 (m, 6 H, O-CH,-
CH,-OMe). “C{'H} NMR (100.6 MHz, C¢Dg, 300 K): § 7.4
(Me;Si), 55.2 (CH,~-N), 58.9 (MeO), 68.6 (N-CH,~CH,~0), 70.2
(O-CH,-CH,-OMe), 72.1 (CH,-OMe). Anal. caled (found) for
C,1H5,KN,06Si,: C, 48.24 (48.42); H, 9.83 (10.18); N, 5.36%
(5.63%).
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