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a b s t r a c t

Two new magnesium complexes containing the important utility amide 2,2,6,6-tetramethylpiperidide
(TMP) have been synthesised. Treating the magnesium bis(alkyl) reagent (Me3SiCH2)2Mg with a molar
equivalent of TMP(H) in hydrocarbon medium produces the dimeric alkylmagnesium amide complex
[(Me3SiCH2)Mg(l-TMP)]2 2, which was isolated in high yield. X-ray crystallography revealed that 2
was an unsymmetrical dimer as unusually the two TMP ligands adopt different conformations – one a
chair, the other a twisted boat. Solution studies (multinuclear NMR and DOSY NMR spectroscopies) show
that 2 undergoes a monomerisation and Schlenk equilibrium in d8-THF. When (Me3SiCH2)2Mg was
reacted with two molar equivalents of TMP(H) in hydrocarbon medium [in an effort to prepare
Mg(TMP)2] a crystalline sample of a surprising product, a tetranuclear triheteroanionic amide-alkox-
ide-amidoalkene [(TMP)Mg(l-TMP){l-N(H)C(Me)2CH2CH2CH2C(Me) = CH2}Mg(l-OCH2SiMe3)]2 3 was
obtained. Complex 3 contains two unexpected anions, namely the alkoxide produced via oxygen insertion
into a Mg–C bond, and the primary amidoalkene which is produced via ring opening of the TMP anion.

� 2013 Elsevier B.V. All rights reserved.

1. Introduction

Alongside diisopropylamide, 2,2,6,6-tetramethylpiperidide (TMP)
is one of the most widely utilised amido ligands in synthetic chem-
istry. Long used in the form of its lithium salt [1–4], the high steric
demand and extremely strong Brønsted basicity of TMP means that
it is often employed in deprotonative metallation reactions in place
of an alkyllithium which can be more prone to inducing nucleophilic
addition (or reduction) side reactions [5]. The synthetic and struc-
tural chemistry of alkali metal TMP reagents continues to be the
focus of considerable attention particularly with respect to their
incorporation in magnesiate and zincate systems [6–31]. In this
paper we introduce novel TMP complexes of magnesium. The parent
bis(amide) Mg(TMP)2 – a considerably weaker base than LiTMP –
was first utilised by Eaton to selectively magnesiate aryl esters,
amide-activated strained cyclopropanes and cubanes, and to even
doubly deprotonate diamido arenes [32]. Despite almost 40 years
of investigation [1–4], the chemistry of TMP continues to surprise.
For example, recently, we reported that the strongly basic TMP anion
can itself be metallated (i.e., forming a N�, C� dianion) and trapped
within a potassium aluminate framework [33]. In our past research
studies, Mg(TMP)2 was generally prepared by treating commer-

cially-sourced n,sBu2Mg/heptane solution with two molar
equivalents of TMP(H) in hexane solution. To ensure complete
bis(amination) of the dialkylmagnesium, the mixture was heated
to reflux for at least twelve hours. Recently, the process used to
prepare commercial ‘Bu2Mg’ has been altered, and the composition
of the new solutions consists of approximately a 9:1 ratio of
nBu2Mg:Et3Al in heptane. The aluminium additive is needed to aid
solubilisation of the magnesium reagent in the hydrocarbon
medium. We have recently discovered that this additive can
unexpectedly take part and alter the course of reactions [34]. To
overcome this complication, we have introduced another magne-
sium reagent into our synthetic repertoire, namely (Me3SiCH2)2Mg
1 [35–38]. Prepared by taking advantage of the dioxane-driven
Schlenk equilibrium (Scheme 1), 1 can be isolated, and purified, by
sublimation in good yields. Shifting from Bu2Mg to 1 can have a
dramatic influence on the regioselectivity of specific reactions. For
instance when toluene is reacted with ‘NaMg(TMP)2

nBu’ a regiose-
lective 2,5-dimetallation (dimagnesiation) of toluene occurs; [39]
however, when ‘NaMg(TMP)2CH2SiMe3’ is employed, regioselective
dimagnesiation again takes place, but this time at the 3- and
5-positions [40]. In this work, we have turned our attention to two
magnesium-only complexes of TMP where our magnesium source
is (Me3SiCH2)2Mg. One product is a dimeric alkylmagnesium amide
and the other a tetranuclear triheteroanionic amide-alkoxide-amid-
oalkene, which has implications for the ring opening of TMP.
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2. Results and discussion

Using 1 in this work, we attempted to prepare some fundamen-
tal monometallic building blocks which are crucial in constructing
a greater understanding of the role neutral magnesium reagents
play in magnesiate systems [25,27] and also in the chemistry of
macrocyclic ‘‘inverse crown complexes’’ [41]. Firstly, by treating
one molar equivalent of 1 with an equimolar quantity of TMP(H)
in hexane solution, a large crop of crystals (93% yield) deposited
upon cooling, which by X-ray crystallography and NMR spectros-
copy were found to be the dimeric alkylmagnesium amide [(Me3-

SiCH2)Mg(l-TMP)]2 2 (Fig. 1). While four-membered dimeric
rings are common in s-block amide chemistry [42,43], that of 2 is
interesting for displaying two distinctly different TMP bridging
conformations [44], which renders the structure non-centrosym-
metric. One ligand prefers the common chair conformation (N1 li-
gand in Fig. 1), which is adopted in the vast majority of s-block
homo- and heterometallic complexes; but, the second TMP ligand
adopts a rarer, less thermodynamically-preferred twisted boat
conformation [45] (N2 ligand in Fig. 1). This is perhaps indicative
of the steric strain which this latter ligand is under in 2’s steri-
cally-congested architecture as this conformation has only previ-
ously been observed in other systems which encompass ligands
of high steric demand [e.g., in [tBuMg(l-TMP)]2 both TMP ligands
adopt boat forms [45] and in [nBuMg(l-TMP)]2 [46]]. The two crys-
tallographically distinct Mg centres in 2 adopt severely distorted
trigonal planar environments [range of angles around Mg,
95.36(8)–138.85(4)�] where the narrowest angles belong to the
N–Mg–N due to the constraints of forming the central four-mem-
bered Mg2N2 ring. There is little discrimination between the four
Mg-N bond distances in 2 [2.121(2)–2.144(2) Å].

Turning to the solution behaviour of 2, in C6D6 solution at 300 K,
only one set of TMP resonances is observed despite there being two
chemically-distinct TMP ligands in its solid state structure. This is
not too surprising as Collum has shown that the TMP anion is ‘‘con-
formationally mobile’’ in solution [47]. In d8-THF solution, the
chemistry of 2 is rather more complex. The logical scenario when
a donor solvent is utilised is that dimeric 2 is broken down to
donor-solvated monomers. This was indeed observed and corrobo-
rated by DOSY NMR studies [48], which give a predicted molecular

weight (MW) of 335 g mol�1 intermediate between the expected
values of an unsolvated (252 g mol�1) and bis-THF solvated mono-
mer (396 g mol�1); perhaps suggesting the formation of a mono-
THF monomer (324 g mol�1). The predicted MW is far removed
from the dimeric species characterised in the solid state
(504 g mol�1). In addition, a Schlenk-type equilibrium must also
be operative as significant (equimolar) quantities of Mg(CH2SiMe3)2

and Mg(TMP)2 were also observed (Scheme 2). The ratio of these
homoleptic products to ‘‘monomeric-2’’ can be altered depending
on the concentration of the d8-THF solution. Full details of these
NMR data can be found in the Supporting information�.

The next monometallic building block we turned to was
Mg(TMP)2. As alluded to earlier, this reagent is generally prepared
in situ by heating a mixture of dialkylmagnesium with two molar
equivalents of TMP(H), and is then used in further reactions.1 Here,
as we are using a ‘cleaner’ magnesium reagent, we attempted to
grow crystals as the solid state structure of Mg(TMP)2 has remained
elusive. When 1 was treated with two molar equivalents of TMP(H)
in hexane, heated to reflux for 12 h and subsequently left at �28 �C
for two weeks, a small batch of X-ray quality crystals deposited from
the hydrocarbon solution. By X-ray crystallographic analysis it was
discovered that the crystalline material was not representative of
the simple formulation Mg(TMP)2; but surprisingly was the tetranu-
clear triheteroanionic amide-alkoxide-amidoalkene [(TMP)Mg(l-
TMP){l-N(H)C(Me)2CH2CH2CH2C(Me) = CH2}Mg(l-OCH2SiMe3)]2 3
(Figs. 2 and 3).

With complex 3 containing only one intact TMP ligand per Mg
centre when two were expected, the reaction had clearly taken an
unexpected course in generating two surprising anions. The first
is a primary amidoalkene, which could be explained by a ring
opening of a TMP anion. This reaction – perhaps a first step in the
thermal degradation of TMP – is similar to that observed in the
ring-opening/cleavage of cyclic ethers to produce enolates [49–
51]. To the best of our knowledge, this represents the first time that
a ring-opened derivative of TMP has been captured within an orga-
nometallic product. Berg and Cowling [52] reported that when
TMP(H) is reacted with carbonyl dichloride or acetic anhydride, a
mixture of isomeric isocyanates (6-isocyanato-2,6-dimethylhept-
1-ene and 6-isocyanato-2,6-dimethylhept-2-ene) and a mixture of
isomeric acetamides [N-(2,6-dimethylhept-6-en-2-yl)acetamide
and N-(2,6-dimethylhept-5-en-2-yl)acetamide] respectively is pro-
duced; hence, providing indirect evidence of ring-fissure of TMP(H).
Ring-opening in our case is probably sterically driven by the con-
gestion about the Mg centres and is induced thermally. Inevitably
when TMP is contained within a Mg compound, the metal adopts
a three-coordinate, trigonal planar arrangement (akin to the outer
Mg1 atoms in 3). However, due to the fortuitous inclusion of oxygen
in 3, the second unexpected anion to form, the alkoxide imparts less
steric hindrance (and electronically provides an excellent bridge) at
the inner Mg sites (Mg2) allowing coordination expansion (to four-
coordinate distorted tetrahedral geometry) at these Mg centres. If
ring-opening did not occur then it is envisaged that Mg1 would
be surrounded by three sterically demanding cyclic TMP anions,
although of course, the oxidation of the carbanions to the alkoxide
may not drive the ring-opening but merely facilitate crystal forma-
tion. A magnesium centre surrounded by three TMP ligands has
only been observed once before [53] [in the solvent-separated
mononuclear tris(TMP) anion, Mg(TMP)3

�] and is not likely to reoc-

Fig. 1. Molecular structure of 2. Key bond distances (Å) and angles (�): Mg1–N1,
2.144(2); Mg1–N2, 2.129(2); Mg1–C1, 2.108(3); Mg2–N1, 2.121(2); Mg2–N2,
2.125(2); Mg2–C5, 2.113(3); N1–Mg1–N2, 95.36(8); N1–Mg1–C1, 135.57(10);
N2–Mg1–C1, 127.82(10); N1–Mg2–N2, 96.13(8); N1–Mg2–C5, 124.37(11); N2–
Mg2–C5, 138.85(11); Mg1–N1–Mg2, 84.00(8); Mg1–N2–Mg2, 84.27(8).

Scheme 1. Synthesis of the silyl-stabilised (bis)alkylmagnesium (Me3SiCH2)2Mg 1.

1 Preparation of magnesium bis(2,2,6,6-tetramethylpiperidide): Under an argon
atmosphere, a Schlenk tube was charged with 1 mmol (1 mL of 1 M hexane solution)
of di-n-butylmagnesium. To this solution, 5 mL of hexane were added, followed by
2 mmol (0.34 mL) of 2,2,6,6-tetramethylpiperidine. The mixture was heated to reflux
for 24 h, then all volatiles were removed in-vacuo to leave the product as an oil. 1H
NMR (400 MHz, 300 K, cyc-C6D12): d 1.67 (Cc-H, m, 4H), 1.33 (Cb-H, m, 8H), 1.21
(CH3, br s, 24H).
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