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The organic derivatives of sodium and potassium
are generally insoluble in hydrocarbons while
their instability in ethers, for example, precludes
long-term storage of solutions and thus restricts
theirwiderapplication.Additionofmagnesium2-
ethoxyethoxide produces hydrocarbon-soluble
reagents with reactivity comparable with that of
the simple organometallics. The organoalkali-
metal reagents in the presence of magnesium 2-
ethoxyethoxide in tetrahydrofuran become al-
most inert towards cleavage of the solvent while
retaining organoalkali-metal-like metallation
characteristics. The metallating ability of orga-
nolithium reagents can be modified by addition of
suitable metal alkoxides. Mixed alkali-metal
dialkylaminoalkoxides combine the activating
properties of an alkoxide with those of a tertiary
amine, while magnesium 2-ethoxyethoxide
greatly reduces the metallating ability and un-
wanted side reactions can be avoided. Certain
allylic or benzylic organolithium reagents, in the
presence of mixed lithium potassium dialkylami-
noalkoxides, and in some cases also of magnesium
2-ethoxyethoxide, add either stoichiometrically
or catalytically to ethylene to produce mono- or
poly-ethylatedderivatives. In thiswaysubstantial
quantities of interesting sterically demanding
aromatic derivatives have been produced in good
yield. Copyright # 2000 John Wiley & Sons, Ltd.

Keywords: alkali metal; metal alkyls; lithium;
sodium; potassium; metal alkoxide; magnesium;
barium; metallation; ethylene

This is an account of a research project which was
initiated in the early 1970s and concerns the
synthesis and application ofs-block bimetallic
carbanion and alkoxide complexes.

Ouroriginalaimwasthesynthesisofhydrocarbon-
soluble organomagnesium reagents by reaction of a
hydrocarbon-insoluble organoalkali reagent with a
magnesium alkoxide, e.g. according to Eqn [1].

PhNa�Mg(OnBu)2ÿ!PhMgOnBu�NaOnBu �1�
The organosodium was generatedin situ from the

corresponding chloride and sodium dispersion in
toluene.However, thisattemptmetwithfailureandas
the reaction was progressing an insoluble product
formed instead. The only parameter that could be
varied in this system was the nature of the alkoxy
moiety. Thus, by choosing the 2-methoxy- or-
ethoxyethoxide of magnesium, or other alkaline-
earth metals, it became possible to prepare hydro-
carbon-soluble compounds. These products were of
unknown composition but were qualitatively shown
to contain an alkali metal and magnesium or another
alkalineearthmetal,andexhibitedwhat isconsidered
to be ‘normal organometallic reactivity’, i.e. they
were mild metallating agents, and gave the expected
reaction products with the usual electrophiles (e.g.
Eqns [2] and [3]).

R(Mg,Na,OR)? � CO2ÿ!RCOOH �2�
Ph(Mg,Na,OCH2CH2OCH3�? � 1-C10H7CH3

ÿ!1-C10H7CH2Na �3a�
73%

Bu(Ba,Li,OCH2CH2OCH3�? � PhCH3

ÿ!PhCH2BaOCH2CH2OCH3 �3b�
80%

With insoluble organolithium reagents, such as
cyclohexyl-lithium generatedin situ, solubilization
could be effected by ordinary magnesium alk-
oxides, such as magnesium n-butoxide, even in
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pentane(Eqn [4]).

c-C6H11Cl� 2Li �Mg(OnBu)2
ÿ! c-C6H11(Li,Mg,OnBu)? �4�

solublein pentane

At this stagewe appliedfor a patent,1 which was
issued in January1976, and describedsystems
containing organosodiumor organolithium re-
agents and alkoxides of magnesium, calcium,
strontiumandbarium.

In the early 1980swe returnedto this project,
wanting this time to take a closer look at the
compositionof thesereagents.2 We focusedour
attentiononthephenylderivativesofsodiumand,toa
lesserextent,of potassiumandlithium. Weaddeda
limited amountof magnesium2-ethoxyethoxideto
phenylsodium,eitherpreformedor preparedin situ,
andanalysedtheclearsupernatantfor totalalkalinity
andmagnesiumcontent.Thuswe could determine
the Na/Mg ratio in the solublespecies.This ratio
couldbeveryreadilyreproduced;23determinations
all gavea ratio of Na/Mg= 2:1. With phenylpotas-
siumtheratioof K/Mg in thesolublespecieswas1:1,
whereaswith unsolvated,preformedphenyl-lithium
the Li/Mg ratio was 3:1. However,when phenyl-
lithium wasgeneratedin situ from diphenylmercury
and lithium metal, a processwhich requireslong
reaction times, the ratio of Li/Mg in the soluble
specieswas4:1.Thusthetrendthatseemstoemerge
is that the M/Mg ratio decreaseswith increasing
atomicnumberof thealkalimetal.Onthebasisof the
aboveinformation it was concludedthat the ‘unit
composition’for thephenylsodiumcasewasNa2Mg-
Ph2(OCH2CH2OEt)2. It appearedthenreasonableto
ask whetherthis apparentlynovel organometallic
reagentexhibitedorganomagnesium-or organoso-
dium-likebehaviour.This reagentoncarboxylation
afforded benzoic acid in a yield close to that
correspondingto the sodiumcontent,and it could
easilymetallatesubstratessuchasdibenzofuranand
thioanisole.What is of interest here is that the
metallationproducts(Scheme1) werethe sameas
thoseobtainedbymetallatingthesamesubstratesby
ordinary,insolubleorganosodiumreagents.There-
fore, the complexappearsto exhibit an organoso-
dium-likebehaviour.

Butylsodium also forms hydrocarbon-soluble
productswith magnesium2-ethoxyethoxide.3 So-
dium-to-magnesiumratios between2 and 2.7:1
were determined in the soluble species.These
complexesare of moderatethermal stability and
only whensufficientmagnesiumalkoxideis added
to thebutylsodiumto form a 1:1 Na/Mg ratio,does

thethermalstabilityof thesolublecomplexbecome
substantialandthereactivity low. It is of interestto
notethat the latter complexreactswith benzophe-
none, affording benzhydrolas the main reaction
product,i.e. the reductionproduct.

InordertogainfurtherinsightintotheNa,Mg,Ph,–
ORsystem,weapproachedtheproblemfromanother
direction, namely by studying the interactionbe-
tween Ph2Mg and MOCH2CH2OEt, where M =
Na,K, Li.4 One could think several modes of
interaction betweenthe diphenylmagnesiumand
the alkali-metal 2-ethoxyethoxide.Someof these
possibilitiesareshownin Eqns[5a]–[5d].Equation
[5a] representsa metal–metalinterchangereaction
betweensodium and magnesium,leading to the
formationof phenylsodiumandphenylmagnesium
alkoxide. Another possibility (Eqn [5b]) is the
completemetal–metalinterchangewhich resultsin
theformationof twomoleculesof phenylsodiumand
one molecule of magnesiumalkoxide. A third
possibility is the formation of a complexbetween
the interactingspecies(Eqn[5c]). Lastly, Eqn[5d]
representsthecasein whichwehaveamixedmode
involving completemetal–metalinterchange,fol-
lowedbycomplexformationbytheresultingspecies.

Ph2Mg� NaOCH2CH2OEt

ÿ!PhNa� PhMgOCH2CH2OEt �5a�
Ph2Mg� 2NaOCH2CH2OEt

ÿ!2PhNa�Mg(OCH2CH2OEt)2 �5b�
Ph2Mg� NaOCH2CH2OEt

ÿ! complexformation �5c�
Ph2Mg� 2NaOCH2CH2OEt

ÿ! (PhNa)2 �Mg(OCH2CH2OEt�2 �5d�
A hint of whathappensin this systemwasgiven

Scheme1
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by the outcomeof the following experiment.On
addingtriphenylmethaneto a solutionof diphenyl-
magnesiumin tetrahydrofuran(THF), we observed
no reaction.On addition of sodium 2-ethoxyeth-
oxide,however,to thesolution,we observedrapid
productionof sodiumtriphenylmethide.Even the
yellow colour of the benzyl carbanion formed
rather rapidly when potassium2-ethoxyethoxide
was added to a solution of Ph2Mg in THF
containingtoluene.Whenthis mixture wasstirred
for 24h atroomtemperatureandthencarboxylated,
a 60% yield of phenylaceticacid was obtained.
These experimentsundoubtedly indicate the in-
volvementof a metal–metalinterchangeprocess,
leading to the formation of phenylsodium or
phenylpotassium,which shouldbe the metallating
agents.What is of paramountimportanceis that
boththephenylpotassiumformedoriginally andthe
resultantbenzylpotassiumhadsurvivedin theTHF
medium.Therefore,this wasour first evidencethat
an alkali-metalalkyl generatedasdescribedabove
is modified in some way, so that it retains its
metallatingability towardsmethyl aromaticsand
thelike but becomesalmostinert towardscleavage
of THF.

A decisive NMR spectroscopic experiment
provided evidence which enabled us to draw
conclusionsabout the mode of interaction in the
system Ph2Mg�MOCH2CH2OEt. We recorded
the hexadeuterobenzene-soluble speciesresulting
from mixing diphenylmagnesiumand sodium 2-
ethoxyethoxidein a 1:2 molar ratio andrecording
the proton and 13C spectra.Thesespectrawere
identical to those which were recordedfor the
solublespeciesobtainedfrom a 2:1 ratio of PhNa
and Mg(OCH2CH2OEt)2 (Eqn [6]). We therefore
concludedthat completemetal–metalinterchange
takes place between diphenylmagnesiumand
sodium 2-ethoxyethoxideaccordingto Eqn [5d].
That is, themetal–metalinterchangereactionleads
to theformationof thealkylmetallicproductof the
more electropositivemetal, just as in the caseof

BuLi � KOR, for example.5

Ph2Mg� 2NaOCH2CH2OEtÿ!�?� ÿ 2PhNa�
Mg(OCH2CH2OEt)2 �6�

identicalNMR spectrafor reactionproducts

Thus the R2Mg� 2MOR' systemappearsto be
equivalentto the 2RM�Mg(OR')2 system.This
hasbeenprovedfor R = aryl, and the diminished
metallatingability and the stability towardsTHF
cleavageof theorganoalkalireagentsis dueto their
complexationwith magnesiumalkoxide.

Our next step was to investigatethe synthetic
potentialof thesesystems.6

Dibutylmagnesium whenunsolvatedis insoluble
in hydrocarbonmedia,but it couldbesolubilizedby
lithium (ÿ)-mentholate.It appearedto us that this
combination might be a promising reagent for
inducing asymmetry (Scheme 2). The results,
however,were quite disappointing.The enantio-
meric excessin the expectedaddition product to
benzaldehyde,the butylphenylcarbinol,wasrather
small; thereasonfor this becameapparentfrom the
other by-productsof the reaction,namelyvalero-
phenoneand benzyl alcohol— the oxidation and
reduction products,respectively,of butylphenyl-
carbinol and benzaldehyde.This then was an
indication that the systemexhibitedsometype of
Meerwein–Ponndorf–Verley–Oppenauer activity.
Sincethesetypesof oxidation–reductionreactions
are reversible, the cause of the loss of the
stereochemicalintegrity of thebutylphenylcarbinol
becomesapparent.

Onecan,however,takeadvantageof theabove-
mentioned property of the R2Mg�MOR' or
RM�Mg(OR)2 systemand apply the reagentsto
syntheticallyusefulreactions.Forexample,Eqn[7]
demonstratesthatonecango directly to theketone
from eitheran alkyl-lithium reagentanda magne-
sium alkoxide or from a dialkylmagnesiumand a
lithium alkoxide, simply by using the carbonyl
compoundin excess,i.e. asbotha substrateandan

Scheme2
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Oppenaueroxidant.

nBu2Mg � LiOCH2CH2OEt
� xs. PhCHOÿ!PhCOnBu �7�

The reactionwas extendedto the synthesisof
amidesby reactinga mixed alkyl alkoxidereagent
with a formamide and oxidizing the salt of the
intermediatehemiaminalby anOppenaueroxidant
suchasbenzophenone(Scheme3).7

Armed with the knowledge that magnesium
alkoxidestabilizesalkali metalalkyls so that they
becomealmost inert towards THF cleavage,we
decided to generatet-butyl-lithium from t-butyl
chloride and lithium metal in THF and in the
presenceof magnesium2-ethoxyethoxide(Scheme
4). A numberof otherTHF-unstableorganolithium
reagentswerepreparedin thesameway.8

The preparationof substitutedphenyl-lithium
with sensitivefunctional groups,such as an alk-
oxymethyl group, becamepossibleaccording to
Scheme5. Evidently,theo-methoxymethylphenyl-
lithium generated,modified by magnesiumalk-

Scheme3

Scheme4

Scheme5

Scheme6

Copyright# 2000JohnWiley & Sons,Ltd. Appl. Organometal.Chem.14, 653–659(2000)

656 C. G. SCRETTASAND B. R. STEELE



oxide,is incapableof attackingthemethoxymethyl
group,thusavoidingcomplicationsarising from a
possibleWittig rearrangement.

The same substitutedphenyllithium was pre-
paredfrom thecorrespondingbromide(Scheme6)

by bromine-lithiuminterchangereaction.8 Here,it
is also of importanceto note that butyl-lithium
modified by magnesium2-ethoxyethoxideretains
its ability to undergoa halogen–metalinterconver-
sion reaction.

Recently,wehaveshownthattheLiO(CH2)nO—
group on a benzenering is ratherstrongly ortho-
directing in the lithiation reaction.9 Therefore,if
oneattemptsthe preparationof the corresponding
m- or p-substitutedphenyl-lithiumsfrom eitherthe
correspondingchloridesandlithium metal in THF
or from thebromidesby halogen–metalinterchange
with butyl-lithium, onewill endup with the ortho

Scheme7

Scheme8

Scheme9

Scheme10
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isomer.If, however,the reactionis carriedout in
thepresenceof magnesiumalkoxide,them- andp-
substitutedphenyl-lithiumsare producedin good
yields (Scheme7).10

Scheme8 summarizesthesynthesisof aseriesof
3 and 4-lithio-oxybutyl-lithiums by cleaving the
correspondingphenylthioderivativeswith alithium
dispersionin THF and in the presenceof magne-
sium 2-ethoxyethoxide.In both typesof reagents
the!-carbonatomis sharedby a carbocyclicring.
Thesereagentsbecomestorablefor severaldays
and perhaps for weeks. On carboxylation and
acidification they afford the correspondingspir-
olactones,someof which arenaturalproductsand
constitutethearomaof variousfruits.11

Bearing in mind the activating effect on
organolithiumreagentsof potassiumalkoxides5 as
well as of tertiary aminesof low steric require-

ments,12 we decided to prepare potassium 2-
dimethylaminoethoxideand use it as a LICKOR
reagent,the latter terminologybeingderivedfrom
the organolithium,‘LIC’, andpotassiumalkoxide,
‘KOR’, components.However, the solubility of
KOCH2CH2NMe2 in hydrocarbonmedia is very
low and in order to increaseits solubility we
preparedthe mixed lithium potassium2-dimethyl-
aminoethoxide,LiK(OCH2CH2NMe2)2, which is
considerablymore soluble in methylcyclohexane
thanthe potassiumalkoxidealone.This bimetallic
alkoxide in combinationwith butyl-lithium con-
stitutes a ‘higher-order LICKOR reagent’. Its
powerful metallatingability was demonstratedin
the metallation of a-pinene (Scheme9), which
gives an allylic-type carbanionic species.13 An
interestingselectivityinversionwasobservedin the

Scheme11

Scheme12 Scheme13
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carboxylationreactionof themetallateda-pinenein
the absenceand in the presenceof magnesium2-
ethoxyethoxide.In the former case the ratio of
endocyclicto exocyclic olefinic productwas 9:1,
whereaswhen magnesiumalkoxide was addedto
the metallateda-pineneprior to carboxylationto
form a hydrocarbon-solublespecies,the ratio was
1:9.Thiscouldbeof syntheticvalue,giventhatthe
exocyclic olefinic products are generally more
useful than the correspondingendocyclicolefinic
isomers.

Metallateda-pinenereactsslowly with ethylene
at 1 atm and gives mainly three monoethylated
isomericproducts(Scheme10).13 Thispromptedus
to revisit the reactionof the anionically catalysed
addition of methylaromatics to ethylene. This
reaction,whichhasbeenstudiedmainlyby Pines,14

usually gives an intractablemixture of products
suchas indanes,alkylatedbenzenesand telomers.
Our higher-orderLICKOR reagentin combination
with magnesium 2-ethoxyethoxide provides a
catalytic systemwherebythe addition of methyl-
aromatics to ethylene takes place in a rather
chemoselectiveway. Thusmethyl groupsattached
to a benzenering areconvertedto the correspond-
ing 3-pentyl groups, which result from double
ethylation of the originally ‘primary benzylic’
carbon.A higher alkylbenzenewith a ‘secondary
benzylic’ carboncan only be monoethylated;for
example, n-butylbenzeneis transformedinto 3-
phenylhexane.The xylenes are ultimately con-
vertedto the correspondingbis (3-pentyl) deriva-
tives (Scheme11) and likewise mesityleneand
dureneareconvertedto tris- andtetrakis-(3-pentyl)
derivatives,respectively(Scheme12).

On going, however,to penta-andhexa-methyl-
benzenes,thereactionbecomesstronglydependent
onstericfactors.Thusin thesetwo casesthemethyl
groupswhich are flankedby other methyl groups
canonly be monoethylated,whereasif the methyl
group has a free ortho position, like the methyl
groupsin the1 and5 positionsin pentamethylben-
zene,they canundergodoubleethylation(Scheme
13). Despite the simple structureof thesecom-
pounds,severalof themhadneverbeenreportedin
thepast,a fact thatcouldindicatetheusefulnessof
this catalyticmethod.15

Lastly, it may be worthwhile to mention the
generationof radicalanionsin hydrocarbonmedia
and their solubilization by lithium alkoxides.For
example,sodiumstilbeneradicalanionwasgener-

ated in 2 M lithium 2-ethoxyethoxidein toluene
(Eqn [8]). It shouldbe stressedthat the alkoxide,
besides its solubilizing effect, also appearsto
facilitate the electron transfer from the metal to
the reduciblesubstrate.16

Ph-CH� CH-Ph� Naÿÿÿÿÿÿÿÿÿÿÿÿÿÿ!2M LiOCH2CH2OEt

toluene
(Ph-CH� CH-Ph)ÿ:Na�

soluble �8�
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