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Abstract: Advancing the understanding of using alkali-metal
alkoxides as additives to organomagnesium reagents in
Mg—Br exchange reactions, a homologous series of mixed-
ligand alkyl/alkoxide alkali-metal magnesiates
[MMg(CH,SiMe;),(dmem)], [dmem = 2-{[2-(dimethyl-
amino)ethylmethylamino} ethoxide; M=Li, 1; Na, 2; (THF)K,
3] has been prepared. Structural and spectroscopic studies
have established the constitutions of these heteroleptic/
heterometallic species, which are retained in arene solution.
Evaluation of their reactivity towards 2-bromoanisole has
uncovered a marked alkali-metal effect with potassium
magnesiate 3 being the most efficient of the three ate
reagents. Studies probing the constitution of the exchange
product from this reaction suggest that the putative
[KMgAr,(dmem)], (Ar=0-OMe—C¢H,) intermediate undergoes

redistribution into its single metal components [KAr], and
[MgAr(dmem)], (5). This process can be circumvented by
using a different potassium alkoxide containing an aliphatic
chain such as KOR' (R'=2-ethylhexyl) which undergoes co-
complexation with Mg(CH,SiMe;) to give
[KMg(CH,SiMe,),(OR)], (7). This ate, in turn, reacts quantita-
tively with 2-bromoanisole furnishing [KMgAr,(OR')], (9) which
is stable in solution as a bimetallic compound. Collectively
this work highlights the complexity of these alkali-metal
mediated Mg—Br exchange reactions, where each reaction
component can have a profound effect not only on the
success of the reaction; but also the stability of the final
metalated intermediates prior to their electrophilic intercep-
tion.

J

Introduction

The unique activating effects of alkali-metal alkoxides when
added to other s-block organometallics is a well-established
phenomenon in polar organometallic chemistry."™ Typified by
the LIC-KOR (Lochmann-Schlosser) superbase, combining potas-
sium tert-butoxide with n-butyllithium greatly enhances the
metalation capabilities of this mixture when compared to those
of their monometallic counterparts.®® This synergistic behavior
has been attributed to the formation of mixed alkyl/alkoxy
bimetallic [LiIK(OR')R], aggregates though the true constitution
of these species has remained a matter of debate for many
years.”'? Using the more hydrocarbon soluble bimetallic
combination, namely NpLi/KOtBu (Np=Neopentyl), Klett has
impressively structurally characterised the [Li,K,Np;(OtBu)s]
aggregate where the alkyl groups bind to both potassium and
lithium leading to an intermediary bond polarity and distinct
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reactivity to those observed for alkyl potassium or alkyl lithium
reagents.'"" The constitution of these bimetallic aggregates
seems fluid with several species of distinct composition co-
existing in solution. These alkoxide-mediated activating effects
are known beyond organolithium chemistry. Thus, early studies
by Richey Jr have shown that various dialkylmagnesium
reagents can effectively undergo Mg-halogen exchange reac-
tions with several aryl bromides and iodides when group 1
metal alkoxides are used as additives."? This boost in reactivity
was attributed to the formation of more reactive triorganomag-
nesiate anions, although the role that the alkali-metal could
play in these transformations was not really considered at the
time. More recently, Knochel has exploited the synthetic utility
of these alkyl/alkoxide systems combining sBu,Mg with two
equivalents of LiOR' (R'=2-ethylhexyl) to promote fast and
regioselective Mg—Br exchange of a wide range of aryl and
heteroaryl bromides. The power of this approach has also been
demonstrated by accomplishing more challenging Mg—Cl
exchange of significantly less reactive aryl chlorides." Further
studies assessing Mg—Br exchanges on dibromo-substituted
heterocyclic substrates have revealed that their regioselectivity
is intimately connected to the presence of Lewis donors as
additives.™ Thus, when 2,5-dibromopyridine is reacted with
sBu,Mg-2LIiOR’ selective activation of the C2 position is
observed whereas the presence of one equivalent of PMDETA
(N,N,N’,N",N"-pentamethyldiethylenetriamine) triggers a regiose-
lectivity switch inducing selective Mg—Br exchange at the C5-
position (Figure 1a). Through isolation of key organometallic
intermediates and NMR spectroscopic investigations, our collab-
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Figure 1. (a) Regioselectivity switch of Mg—Br exchange reactions of 2, 5-
dibromopyridine mediated by sBu,Mg-2LiOR’ combination. (b) Bimetallic
Schlenk equilibrium for [LiMgsBu,(OR")] (I).

orative work with Knochel established that lithium and its
coordinative saturation play a key role in controlling the
regioselectivity of these reactions. Intrigued by these findings
we took a closer look into the constitution of the exchange
reagent, uncovering the presence of a bimetallic Schlenk-type
equilibrium between the mixed alkyl/alkoxy magnesiate [LiMgs-
Bu,(OR")] (), alkyl rich [Li,MgsBu,] (Il) and magnesium alkoxide
Mg(OR’), (Figure 1b). Surprisingly, these studies suggest that
[Li,MgsBu,] (I) is the active species performing the Mg—Br
exchange, the mixed alkyl/alkoxy magnesiate [LiMgsBu,(OR')] (1)
species is actually unreactive in this process."” Building on this
work and inspired by recent studies in s-block bimetallic
chemistry which have established the key mediating role played
by the alkali-metal in main group heterobimetallic systems with
applications in  homogeneous  catalysis,"*'®  organic
synthesis"?” and small molecule activation processes,?” here
we extend our studies on mixed-alkyl/alkoxide alkali-metal
magnesiate chemistry to sodium and potassium. By systemati-
cally changing the alkali-metal, we evaluate the constitution of
these heterobimetallic systems in both solution and in the solid
state and investigate their reactivity towards Mg—Br exchange
reactions using 2-bromoanisole which has been chosen as a
model substrate.

Results and Discussion

Synthesis and characterisation of mixed alkyl/alkoxide
alkali-metal magnesiates

An effective strategy to access heterobimetallic complexes is
the combination (or more accurately co-complexation) of the
required monometallic counterparts.?** This approach has
been successfully used by Mulvey for the synthesis of mixed
alkyl/alkoxide [(TMEDA)MMg(OtBu)nBu,], complexes by com-
bining MOtBu (M=Na, K) with nBu,Mg in the presence of
bidentate Lewis donor TMEDA (TMEDA=N,N,N’,N-tetrameth-
ylethylenediamine).*” For our studies we chose the alkoxide
derived from 2-{[2-(dimethylamino)ethyl] methylamino}ethanol
(dmemH) which has already shown promise in lithium zincate
chemistry.”” Thus, addition of 2 molar equivalents of Li(dmem)
to sBu,Zn allows the activation of both alkyl groups on zinc to
promote challenging Zn—| and Zn—Br exchanges. Moreover, the
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two additional N-coordinating sites located in the backbone of
the alkoxide ligand should allow for intramolecular stabilisation
of the alkali metals via chelation and subsequently preclude
aggregation, which can also contribute towards the formation
of kinetically more reactive species. Homometallic M(dmem)
(M=Li, Na, K) were prepared in situ by straightforward deproto-
nation of dmemH with MCH,SiMe; in hexane (see Supporting
Information for details). Co-complexation reactions of equimolar
amounts of M(dmem) and Mg(CH,SiMe;), were then inves-
tigated (Figure 2). Lacking of  p-hydrogens, this
dialkyl(magnesium) offers more thermal stability than
sBu,Mg,”® making the isolation of the organometallic inter-
mediates more accessible. These reactions lead to the isolation
of mixed alkyl/alkoxy alkali-metal magnesiates
[MMg(CH,SiMe,),(dmem)], (M=Li, 1; Na, 2; (THF)K, 3) (Figure 2)
as crystalline solids in a 54, 35 and 29% yields respectively.
While these isolated yields are moderate, NMR analysis of the
reaction filtrates showed that they formed quantitatively. These
mixed-metal species could also be prepared using a second co-
complexation approach, by reacting heteroleptic [Mg-
(CH,SiMe;)(dmem)] (4) (obtained by deprotonation of dmemH
with Mg(CH,SiMe;), with the relevant MCH,SiMe; (Figure 2).
Compounds 1-4 were characterised by multinuclear NMR and
their molecular structures were established by X-ray crystallog-
raphy. All are dimers featuring a central four-membered
{MgOMgO} unit. For heterobimetallic compounds 1-3, while
each Mg center binds to two alkoxide and two alkyl groups, the
presence of a different alkali-metal and its coordination
preferences dictates the overall structure of the complex. In
each case the alkoxide ligand binds in a tridentate fashion to
the alkali-metal, via its O and two N sites. Featuring a
centrosymmetric structure, lithium magnesiate 1 exhibits a
ladder motif reminiscent to those previously reported for
lithium amides®>? comprising outer Li—C rungs and inner
alkoxy O—Mg rungs. Completing the structure along the ladder
edge internal NMe, and NMe coordinate to Li whereas a
terminal alkyl group binds to Mg. This structure can also be
envisaged as two dinuclear {LiOMgC} rings which combine
laterally via their Mg—O edges to generate this tetranuclear
ladder. Within this motif one alkyl group is terminal on Mg
(Mg—C5, 2.146(14) A) whereas the other bridges Mg and Li
(Mg—C1 2.205(14) A, Li—C1, 2.273(3) A) (Table 1). This structure is
analogous to that previously reported by us for [LiMgs-
Bu,(dmem)], using the same chelating alkoxide ligand."”
Contrastingly, heavier congeners sodium and potassium
magnesiates 2 and 3 exhibit a different dimeric motif where
now all alkyl groups bridge the alkali-metal and Mg. Instead of
forming a ladder-type structure, 2 and 3 display an incomplete
double cubane motif with a missing vertex in each cube. This
arrangement is known for other monometallic and heterobime-
tallic complexes™>" including mixed alkyl alkoxide alkali-metal
magnesiate®®** and manganate complexes.”” The structures of
2 and 3 can also be described as inverse crowns ™"
comprising a cationic octagonal {{(MCMgQ)}L,* ring which hosts
two alkoxide anions in its core. Each alkoxide coordinates to
two Mg atoms and one alkali-metal (M) using its O atom and
two N atoms to chelate the latter. Thus in 2 Na displays
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Figure 2. Co-complexation routes to access mixed alkyl/alkoxy alkali-metal magnesiates 1-3. Molecular structures of compounds 1-4 with displacement
ellipsoids at 50% probability, all H atoms omitted and with C atoms in the alkoxide substituent drawn as wire frames only for clarity. Equivalent atomsin 1, 2,
and 4 generated by (3/2—x, 1/2—y, 2/3—-2), (1—x, 1-y, 1—2) and (1—x, —y, 1—2) respectively.

of compounds 1-4.

[LiMg(CH,SiMe;),(dmem)], 1

Table 1. Selected bond distances (A) and angles (°) in the crystal structures

pentacoordination, whereas in 3 K attains hexacoordination by
solvation of a molecule of THF (Figure 2). Inspecting the Mg—C

and Mg—0O bond distances in these compounds did not reveal
any significant differences (Table 1). These bonds anchor the
structure to which the alkali-metals are affixed by a combina-
tion of M—C and M-O ancillary bonds which as expected
become more elongated as the size of the alkali metal cation
increases (Table 1). The structures of 1-3 can be compared to

that of the monometallic alkylmagnesium alkoxide 4 which also
exhibits a dimeric motif with a similar {MgOMgO} ring, although
in this case the Mg atoms are also chelated by the N atoms on
the alkoxide chain. Consistent with its neutral constitution, the
Mg—O distance in 4 (1.995(17) A) is slightly shorter than those

found in magnesiate species 1-3. This trend is also observed for
the Mg—C bond distances (2.177(2) A) although it should also
be noted that in 4 the alkyl groups bind terminal to the Mg
centers (Table 1). Using cryoscopic molecular weight determi-
nations Coates reported in 1968 that alkylmagnesium alkoxides

tend to form tetramers and higher oligomers via intermolecular

Mg1-C1 2.205(14) Li1—C1 2.273(3)
Mg1-C5 2.146(14) Li1—O1 1.978(2)
Mg1-01 2.033(9) Li1--Mg1 2.779(2)
Mg--Mg 3.030(8) Mg1-01-Mg1 96.350(4)
01-Mg1-01 83.650(4)

[NaMg(CH,SiMe;),(dmem)], 2

Mg1-C1 2.191(2) Na1-C1 2.686(3)
Mg1-C5 2.204(3) Na1-C5 2.882(3)
Mg1-01 2.018(16) Na1-01 2.421(18)
Mg--Mg 3.057(14) Mg1-+Na1l 3.132(12)
01-Mg1-01 81.613(8) Mg1-01-Mg1 98.387(7)
[(THF)KMg(CH,SiMe;),(dmem)], 3

Mg1-C1 2.188(3) K1—-C2 3.131(3)
Mg1-C2 2.193(3) K2—C1 3.173(3)
Mg1-01 2.027(18) K1-01 2.740(17)
Mg--Mg 2.996(11) Mg1-K1 3.589(10)
01-Mg1-02 84.610(7) Mg1-01-Mg2 95.320(7)
01-Mg2-02 84.80(7) Mg1-02—-Mg2 95.253(7)
[Mg(CH,SiMe;)(dmem)], 4

Mg1-C1 2.177(2) Mg--Mg 3.090(13)
Mg1-01 1.995(17) Mg1-01-Mg1 101.476(7)
01-Mg1-01 78.524(7)

Mg—O donor acceptor bonds in non-coordinating solvents such
as benzene; whereas coordinating solvents such as THF can
favour the formation of dimeric structures.*” Many examples of
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structurally characterised alkylmagnesium alkoxides adopt
tetrameric structures®®*” or higher oligomer biscubanes.*® The
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intramolecular coordinating abilities of the tridentate chelating
alkoxide used here prevents the oligomerisation of 4 where the
dimer is soluble even in non-polar solvents such as hexane.

The solution constitution of mixed alkyl/alkoxy magnesiates
1-3 in C,Dy was also studied using multinuclear NMR spectro-
scopy including 'H-DOSY NMR studies. This was imperative to
assess if these complexes exist as the sole compounds in
solution or if alternatively they are in equilibrium with other
organometallic species as previously shown for related lithium
magnesiates [LiMgsBu,(OR)] (R'=2-ethylhexyl) (Figure 1b)."
Related to these findings, O'Hara has also reported that
heteroleptic alkali metal magnesiates
[(rac)BIPHENIM,MgnBu,(THF), (M=Li or Na), containing the
bis(aryloxide) group BIPHEN (BIPHEN =5,5',6,6"-tetramethyl-3,3'-
di-tert-butyl-1,1-biphenyl-2,2’-diol) undergo a redistribution
process in THF solution to form homoleptic alkoxy
[(rac)BIPHEN],M,Mg(THF), and alkyl rich  magnesiate
[M,MgnBu,(THF),1.*% Interestingly, for 1-3, the presence of
the tridentate alkoxide ligand seems to impose a greater
stability of these bimetallic species in solution as no evidence of
ligand redistribution and formation of other organometallic
compounds in solution were observed. This was supported by
'H-DOSY NMR spectroscopic studies which indicated that in all
cases a single molecular entity is formed containing both alkyl
and alkoxide groups (see Supporting Information). In the case
of 1, two different signals are observed for the M—CH, groups in
the 'H and CNMR spectra (8'H=-1.56 and —1.96 ppm;
8C=-48 and —6.7 ppm) which is consistent with the
retention, in solution, of its structure in the solid state where
one alkyl group is terminal while the other one bridges. In
contrast, sodium magnesiate 2 and potassium magnesiate 3
display only one signal in the 'H and *CNMR (8'H=—-1.8 and
—6.3 ppm; 8”C =-1.78 and —6.3 ppm,) for the equivalent
M—CH, groups which bridge between the Mg and alkali metal
centres in the solid-state structures. While the M—CH, signal at
298 K in the "H NMR spectra for 2 is broad; at 333 K this peak
converges to a sharp singlet suggesting there is a degree of
fluxionality in solution. "H DOSY NMR studies suggest that this
is most likely due to a monomer/dimer equlibrium (See
Supporting Information for details).

Assessing alkali-metal effects in Mg-Br exchange reactions

Next, we investigated the ability of magnesiates 1-3 to undergo
Mg—Br exchange using 2-bromoanisole as a model substrate.
Since these bimetallic complexes contain two alkyl groups
which potentially can undergo exchange, reactions were carried
out with two equivalents of 2-bromoanisole in benzene at room
temperature for one hour, followed by an aqueous quench and
subsequent analysis by GC to determine the extent of Mg—Br
exchange (Table 2). Significantly, monometallic Mg species,
Mg(CH,SiMe;), and [Mg(CH,SiMe;)(dmem)], 4, are completely
inactive towards 2-bromoanisole (entries 1 and 2). In contrast,
lithium magnesiate 1 gave a 41% conversion to anisole
(entry 3). While this yield is moderate, it should be noted that
our previous studies using [LiMgsBu,(OR’)] (R'=2-ethylhexyl)
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Table 2. Screening of Mg—Br exchange capabilities of mixed alkyl/alkoxy
alkali metal magnesiates towards 2-bromoanisole.
OMe .
i) Exchange Reagent Ohie
3 (1 equiv) H
Benzene, RT, 1h
i) NH4CI
Entry Exchange reagent™ Yield [%]™
1 R,Mg 0
2 RMg(dmem) (4) 0
3 LiMgR,(dmem) (1) 41
4 NaMgR,(dmem) (2) 45
5 KMgR,(dmem) (3) 59
6 K(dmen) + nBu,Mg 75
7 K(dmen) + sBu,Mg 52
[a] R=CH,SiMe;. [b] Yields were determined by GC analysis of reaction
aliquots after an aqueous quench using hexamethylbenzene as internal
standard. Formation only of anisole and unreacted 2-bromoanisole were
observed.

have shown that this mixed alkyl(alkoxide) magnesiate reacts
sluggishly towards 2-bromoanisole."” Replacing Li by Na, using
magnesiate 2 slightly increased in the yield of the exchange
product (45%, entry 4) which can be further improved to 59%
(entry 5) using potassium magnesiate 3.

Intrigued by these findings that show a clear alkali-metal
and alkoxide effect, we next assessed the influence of the alkyl
groups, combining equimolar amounts of K(dmem) with
equimolar amounts of nBu,Mg and sBu,Mg which a priori can
be expected to be more reactive than Mg(CH,SiMe;),. Interest-
ingly, while this was the case for nBu,Mg (75 %, entry 6), using
sBu,Mg gave similar conversions to those observed for 3 (52 %,
entry 7) which was somewhat surprising given that the sBu
group has been the alkyl substituent of choice in related Li/Mg
and Li/Zn systems investigating Mg—X and Zn—X exchange
using alkoxide ligands."** It should be noted that when LiOR’
(R'=2-ethylhexyl) is paired with sBu,Mg the active exchange
reagent is Li,MgsBu, due to the presence of the bimetallic
Schlenk equilibrium depicted in Figure 1b and that when this
equilibrium is manipulated towards the exclusive formation of
mixed alkyl/alkoxide [LiMgsBu,(OR)] the exchange process is
suppressed.""™ This scenario is not possible for magnesiates 1-3
which in solution retain their mixed alkyl/alkoxide constitution
(see above). Our studies show a clear enhancement of reactivity
when potassium is used as a metal partner with Mg contrasting
with early work by Richey Jr. where adding different group 1
metal alkoxides to MgEt, enabled Mg—Br exchange in bromo-
benzene, though no definite trend in reactivity could be seen
dependent on the alkali-metal.!"?

To gain further insights into the reactivity of 3 with 2-
bromoanisole we next turned our focus to the isolation of the
metalated intermediate prior to hydrolysis. Carrying the reac-
tion out in benzene we noticed the almost immediate
formation of a white precipitate which could not be redissolved
in other organic solvents including polar THF. Removal of this
solid by filtration furnished a light-yellow solution which on
cooling  deposited  crystals of  [MgAr(dmem)l, (5)
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(Ar=0-OMe—C¢H,) in a 30% crystalline yield (Figure 3). X-ray
crystallographic studies established the molecular structure of 5
which shares the same dimeric motif as that described for 4 but
now each Mg binds to an ortho-metalated anisyl group via its C
atom. Despite their structural similarity, it should be noted that
5 is not accessible by reacting 4 with 2-bromoanisole (Table 2,
entry 2), demonstrating that its formation is synergic in origin
as it is mediated by potassium magnesiate 3. 'H NMR analysis
of the reaction filtrates also confirm that 5 is the only organo-
metallic species present in solution. While the lack of solubility
in organic solvents of the solid formed during this reaction
precluded its NMR characterisation, its aqueous quench with
subsequent GC analysis showed the formation of anisole. Thus,
we can tentatively propose that the formation of 5 occurs with
the concomitant precipitation of [KAr], (Ar=0-OMe—C¢H,) (Fig-
ure 3). Adding a new layer of complexity to the behaviour of
these mixed alkyl/alkoxide species, these results indicate that
while potassium magnesiate 3 can efficiently promote Mg—Br
exchange of 2-bromoanisole, the putative intermediate of this
reaction [KMgAr,(OR)] (int-1) undergoes redistribution into
single metal components 5 and [KAr],, which may be driven by
the poor solubility of the potassium species. This type of
equilibrium is reminiscent to that present in Lochman-Schlosser
nBuLi/KOtBu combinations, where an initial mixed metal alkyl/
alkoxide intermediate is formed which eventually evolves into
the exchange products LiOtBu and nBuK.® Ultimately, caution
should be taken when using these bimetallic reagents in
organic synthesis, since while 2-bromoanisole can be efficiently
converted into anisole via Mg—Br exchange, two entirely
different organometallic species are formed which could be
expected to have very different properties in terms of stability,
reactivity and functional group tolerance, and could therefore
affect further functionalisation of their aromatic moieties.

OMe OMe
Mg(dmem)K
[(THF)KMg(CH,SiMes)y(dmem)]; + 2 Benzene i
0.5eq ) rt, 1h et
3 | r
" M . MeO Redistribution
g R @/‘E \ o
/NsMg:O:Mg{ o /N;Mgiojr\-‘lg‘,Ni MeK.
RO NS = LN o+
L“/ ) %—» @—OMe
n
[Mg(CH,SiMe3)(dmem)], MgAr(dmem) KAr
4 o Ar = 0-OMe-CgHy Ar = 0-OMe-CgHg
(5] 5 Insoluble precipitate
\ s
o] t P
=) \ e
C1%M91Q »
N
oi@ g
L]

Figure 3. Isolation of [MgAr,(dmem)] (5) via reaction of potassium magnesi-
ate 3 with two equivalents of 2-bromoanisole and proposed concomitant
formation of an insoluble potassium aryl [KAr],. Molecular structure of
compound 5 with displacement ellipsoids at 50% probability, all H atoms
omitted and with C atoms in the alkoxide substituent drawn as wire frames
only for clarity. Equivalent atoms in 5 generated by (1—x, 1-y, 1-2).

Chem. Eur. J. 2022, 28, €202104164 (5 of 7)

Puzzled by these findings, we next decided to probe
whether the redistribution process shown in Figure 3 would
also affect related potassium and sodium magnesiates contain-
ing the long chain aliphatic alkoxide OR’ (R'=2-ethylhexyl). Co-
complexation of MOR’ with equimolar amounts of Mg-
(CH,SiMe;), led to the formation of [MMg(CH,SiMe,),(OR")], (M=
Na, 6; K, 7). Whilst sodium magnesiate 6 could only be isolated
as a colourless oil, potassium magnesiate 7 was isolated as
crystalline solid in a 55% yield. 'H and ">*C NMR characterisation
of these compounds show similar behaviour as 2 and 3, existing
as single intact entities in C,Dy solutions without undergoing
the bimetallic Schlenk equilibrium depicted in Figure 1b,
previously reported for [LiMgsBu,(OR)1,."® The molecular
structure of 7 was established by X-ray crystallographic studies
(Figure 4). Despite the aliphatic constitution of the alkoxide
groups lacking additional coordination sites the core structure
of 7 is almost identical to that described for 3, displaying
comparable geometrical parameters (see Table S2 in Supporting
Information). Coordinatively unsaturated K centres in 7 attain
further stabilisation by forming anagostic K--Me interactions
with one Me group from the CH,SiMe, ligands on a neighbour-
ing [KMg(CH,SiMe;),(OR")], dimeric unit giving rise to a linear
1D polymeric arrangement (see Figure S9 in Supporting
Information).

Both 6 and 7 react with two equivalents of our 2-
bromoanisole in benzene at room temperature affording
conversions to anisole, after a hydrolysis step, of 75 and 76 %
respectively after just one hour. Contrasting with 3, using
potassium magnesiate 7, no solid precipitation is observed
before the hydrolysis step. '"H NMR monitoring of this reaction
showed that after 3 h, all starting material 7 has reacted with 2-
bromoanisole producing two equivalents of BrCH,SiMe; and
mixed aryl/alkoxide [KMgAr,(OR')], (9) which is stable in solution
and does not undergo any redistribution process. The same
reactivity was observed for sodium derivative 6 in forming
[NaMgAr,(OR'], (8) (Scheme 1) although in this case after 3 h at
room temperature unreacted 2-bromoanisole is detected in
solution (75% conversion), illustrating the importance of the
choice of alkali-metal for the efficiency of the Mg—Br exchange

Figure 4. Molecular structures of alkly/alkoxy potassium magnesiate 7 and
aryl/alkoxy sodium magnesiate 8 with displacement ellipsoids at 50%
probability, all H atoms omitted and with C atoms in the alkoxide substituent
drawn as wire frames only for clarity. Equivalent atoms in 7 and 8 generated
by (1—x, 1—y, 1—2z) and (4/3—x, 5/3—y, 2/3—z) respectively.
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Scheme 1. Synthesis of alkyl/alkoxy magnesiates 6 and 7 and their reactivity
with 2-bromoanisole to form metallated intermediates 8 and 9 respectively.

process (See Supporting Information for details). Magnesiates 8
and 9 were characterised in solution by 'H and "CNMR
spectroscopy. 'H DOSY NMR studies on these species confirm
their mixed aryl/alkoxide constitution. The molecular structure
of 8 was also confirmed by X-ray crystallographic studies
(Figure 4), in which each Mg binds to two ortho-metallated
anisole groups, occupying the position previously filled by the
Br atoms, completing their coordination by bonding to two
alkoxide ligands. Each Na binds to one alkoxide group and two
OMe substituents from the anisyl fragments. The Na atoms in 8
find additional stabilisation by m-engaging in a preferred 1’
fashion with the aryl groups of neighbouring dimeric units
creating an intricate 3D polymeric arrangement overall (see
Figure S10 in Supporting Information).

This motif is closely related to the one we have previously
reported for the product of Mg—Br exchange obtained from
treating 2-bromoanisole with an equimolar mixture of MgsBu,
and LIOR.™ However on this occasion this compound is
obtained by direct exchange with Li,MgsBu, to give a Li,MgAr,
intermediate which in turn undergoes co-complexation with
Mg(OR’), also present in the reaction media via the bimetallic
Schlenk equilibrium depicted in Figure 1. As aforementioned,
while we do not observe the presence of this equilibrium for
potassium magnesiate 3, we decided to benchmark its reactivity
towards to 2-bromoanisole against that of higher order
potassium magnesiate K,Mg(CH,SiMe;), which can be isolated
as its TMEDA solvate by combining TMEDA, KCH,SiMe; and
Mg(CH,SiMe;), in a 2:2:1 ratio.®" Interestingly, when reacting
this alkyl rich reagent with four equivalents of 2-bromoanisole
we only observed a 57% conversion, revealing that the mixed
alkyl/alkoxide species is in this specific case a more powerful
exchange reagent.

Conclusion

By assessing the reactivity of several mixed alkyl/alkoxide alkali-
metal magnesiates towards 2-bromoanisole, systematically
changing the alkali-metal and alkoxide group, new light has
been shed on the activating effect of alkali-metal alkoxides
when used as additives with organomagnesium reagents to
mediate Mg—Br exchanges. A notable alkali-metal effect has
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been uncovered, with the formation of the stable mixed alkyl/
alkoxide [MMg(alkyl),(alkoxide)] species when M=Na, K in
solution are not affected by the bimetallic Schlenk equilibrium
previously reported for related lithium/magnesiates. Further-
more, an increase in reactivity has been noticed when using K
instead of Li as a bimetallic partner with Mg, consistent with
the alkali-metal playing a prominent role in mediating the
Mg—Br exchange process. These findings also show the close
interplay between the nature of the alkoxide group employed
and the constitution of the exchange products prior to electro-
philic interception. Thus, uncovering a new element of com-
plexity, while the long aliphatic alkoxide OR’ bimetallic inter-
mediate [KMgAr,(OR')], is stable in arene solutions, employing
dmem led to the formation of the single metal species
[MgAr(dmem)], (5) with concomitant precipitation of [KAr],. The
different composition of these exchange products can pro-
foundly affect the further functionalization of the aryl fragment
when using these systems in organic synthetic transformations.

Experimental Section

Full experimental and characterization details can be found in the
Supporting Information. Deposition Number(s) 2121431 (1),
2121434 (2), 2121432 (3), 2121430 (4), 2121435 (5), 2121436 (7),
2121433 (8) contain(s) the supplementary crystallographic data for
this paper. These data are provided free of charge by the joint
Cambridge Crystallographic Data Centre and Fachinformationszen-
trum Karlsruhe Access Structures service.
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