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NOTE
Mixed main-group metal alkyls and alkoxides
in synthesis and catalysis’

Constantinos G. Screttas* and Barry R. Steele

Institute of Organic and Pharmaceutical Chemistry, National Hellenic Research Foundation, Athens 116 35,
Greece

The organic derivatives of sodium and potassium This is an account of a research project which was
are generally insoluble in hydrocarbons while initiated in the early 1970s and concerns the
their instability in ethers, for example, precludes  synthesis and application of-block bimetallic
long-term storage of solutions and thus restricts carbanion and alkoxide complexes.

theirwider application. Addition of magnesium 2- Ouroriginalaimwasthe synthesis of hydrocarbon-
ethoxyethoxide produces hydrocarbon-soluble soluble organomagnesium reagents by reaction of a
reagents with reactivity comparable with that of  hydrocarbon-insoluble organoalkali reagent with a
the simple organometallics. The organoalkali- magnesium alkoxide, e.g. according to Eqn [1].
metal reagents in the presence of magnesium 2-

ethoxyethoxide in tetrahydrofuran become al- PhNat-Mg(OnBu),—PhMgOnBu-NaOnBu [1]
most inert towards cleavage of the solvent while The organosodium was generateditufrom the
retaining organoalkali-metal-like metallation  corresponding chloride and sodium dispersion in
characteristics. The metallating ability of orga-  toluene. However, thisattemptmetwithfailure and as
nolithium reagents can be modified by additionof  the reaction was progressing an insoluble product
suitable metal alkoxides. Mixed alkali-metal formed instead. The only parameter that could be
dialkylaminoalkoxides combine the activating varied in this system was the nature of the alkoxy
properties of an alkoxide with those of a tertiary ~ moiety. Thus, by choosing the 2-methoxy- or-
amine, while magnesium 2-ethoxyethoxide ethoxyethoxide of magnesium, or other alkaline-
greatly reduces the metallating ability and un-  earth metals, it became possible to prepare hydro-
wanted side reactions can be avoided. Certain carbon-soluble compounds. These products were of
allylic or benzylic organolithium reagents, inthe  unknown composition but were qualitatively shown
presence of mixed lithium potassium dialkylami-  to contain an alkali metal and magnesium or another
noalkoxides, and in some cases also of magnesium alkaline earth metal, and exhibited whatis considered
2-ethoxyethoxide, add either stoichiometrically to be ‘normal organometallic reactivity’, i.e. they
or catalytically to ethylene to produce mono- or  were mild metallating agents, and gave the expected
poly-ethylated derivatives. Inthisway substantial ~ reaction products with the usual electrophiles (e.g.
guantities of interesting sterically demanding Egns [2] and [3]).

aromatic derivatives have been produced in good

yield. Copyright © 2000 John Wiley & Sons, Ltd. R(Mg,Na,OR) + CO,—RCOOH 2
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pentang(Eqn [4]).
¢c-CeH11Cl + 2Li + Mg(OnBu),
—  ¢-CgHy1(Li,Mg,OnBu),  [4]
solublein pentane

At this stagewe appliedfor a patent: whichwas
issuedin January 1976, 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. We focused our
attentioronthephenylderivativeofsodiumandtoa
lesserextent,of potassiumandlithium. We addeda
limited amountof magnesiun®-ethoxyethoxideo
phenylsodiumeitherpreformedor preparedn situ,
andanalysedheclearsupernatarfor totalalkalinity
and magnesiuncontent. Thuswe could determine
the Na/Mg ratio in the soluble species.This ratio
couldbeveryreadilyreproduced23determinations
all gavea ratio of Na/Mg=2:1. With phenylpotas-
siumtheratioof K/Mg in thesolublespeciesvasl:1,
whereasith unsolvatedpreformedohenyl-lithium
the Li/Mg ratio was 3:1. However,when phenyl-
lithium wasgeneratedh situfrom diphenylmercury
and lithium metal, a processwhich requireslong
reactiontimes, the ratio of Li/Mg in the soluble
speciesvas4:1. Thusthetrendthatseemdo emerge
is that the M/Mg ratio decreasesvith increasing
atomicnumbeiof thealkalimetal.Onthebasifthe
aboveinformation it was concludedthat the ‘unit
compositionforthephenylsodiuntasevasNa,Mg-
Phy(OCH,CH,OELt),. It appearethenreasonabléo
ask whetherthis apparentlynovel organometallic
reagentexhibitedorganomagnesiunor organoso-
dium-like behaviour.Thisreagenbn carboxylation
afforded benzoic acid in a yield close to that
correspondingo the sodiumcontent,andit could
easilymetallatesubstratesuchasdibenzofurarand
thioanisole.What is of interesthere is that the
metallationproducts(Schemel) werethe sameas
thoseobtainedoy metallatingthesamesubstrateby
ordinary,insolubleorganosodiunteagentsThere-
fore, the complexappeardo exhibit an organoso-
dium-like behaviour.

Butylsodium also forms hydrocarbon-soluble
productswith magnesium2-ethoxyethoxidé. So-
dium-to-magnesiunratios between2 and 2.7:1
were determinedin the soluble species. These
complexesare of moderatethermal stability and
only whensufficientmagnesiunalkoxideis added
to the butylsodiumto form a 1:1 Na/Mg ratio, does

Copyright© 2000JohnWiley & Sons,Ltd.
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thethermalstability of the solublecomplexbecome
substantiahndthereactivity low. It is of interestto
note that the latter complexreactswith benzophe-
none, affording benzhydrolas the main reaction
product,i.e. the reductionproduct.
InordertogainfurtherinsightintotheNa,Mg,Ph,—
ORsystemweapproachetheproblemfromanother
direction, namely by studying the interaction be-
tween PhbMg and MOCH,CH,OEt, where M =
Na,K, Li.* One could think several modes of
interaction betweenthe diphenylmagnesiumand
the alkali-metal 2-ethoxyethoxide Some of these
possibilitiesareshownin Eqns[5a]—-[5d]. Equation
[5a] represent& metal-metainterchangeeaction
betweensodium and magnesium,leading to the
formation of phenylsodiumand phenylmagnesium
alkoxide. Another possibility (Egn [5b]) is the
completemetal-metainterchangeavhich resultsin
theformationof two molecule®of phenylsodiunand
one molecule of magnesiumalkoxide. A third
possibility is the formation of a complexbetween
theinteractingspeciegEqgn[5c]). Lastly, Eqn[5d]
representthe casein whichwe havea mixedmode
involving completemetal-metalinterchange fol-
lowedby complexformationbytheresultingspecies.

Ph,Mg + NaOCHCH,OEt

— PhNa+ PhMgOCHCH,OEt (54
PhMg + 2NaOCHCH,OEt

— 2PhNat Mg(OCH,CH,OEt),  [5h)
PhMg + NaOCHCHOEt

— complexformation [5¢
PhMg + 2NaOCHCH,OEt

— (PhNa), - Mg(OCH,CH,OEY),  [54

A hint of whathappensn this systemwasgiven
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by the outcomeof the following experiment.On

addingtriphenylmethaneo a solutionof diphenyl-

magnesiumn tetrahydrofuran{THF), we observed
no reaction.On addition of sodium 2-ethoxyeth-
oxide, however to the solution,we observedapid

productionof sodiumtriphenylmethide.Even the

yellow colour of the benzyl carbanionformed

rather rapidly when potassium?2-ethoxyethoxide
was added to a solution of PhbMg in THF

containingtoluene.Whenthis mixture was stirred

for 24 h atroomtemperatur@andthencarboxylated,
a 60% yield of phenylaceticacid was obtained.
These experimentsundoubtedlyindicate the in-

volvementof a metal-metalinterchangeprocess,
leading to the formation of phenylsodium or

phenylpotassiumyhich shouldbe the metallating
agents.What is of paramountimportanceis that

boththe phenylpotassiurformedoriginally andthe

resultantbenzylpotassiurhadsurvivedin the THF

medium.Therefore this wasour first evidencethat

an alkali-metalalkyl generatecaisdescribedabove
is modified in some way, so that it retains its

metallating ability towardsmethyl aromaticsand

thelike butbecomesalmostinert towardscleavage
of THF.

A decisive NMR spectroscopic experiment
provided evidence which enabled us to draw
conclusionsaboutthe mode of interactionin the
system PhbMg + MOCH,CH,OEt. We recorded
the hexadeuterobenzersluble speciesresulting
from mixing diphenylmagnesiumand sodium 2-
ethoxyethoxidein a 1:2 molar ratio and recording
the proton and *3C spectra. These spectrawere
identical to those which were recordedfor the
solublespeciesobtainedfrom a 2:1 ratio of PhNa
and Mg(OCH,CH,OEt), (Eqn [6]). We therefore
concludedthat completemetal-metalinterchange
takes place between diphenylmagnesiumand
sodium 2-ethoxyethoxideaccordingto Eqn [5d].
Thatis, the metal-metalinterchangeeactionleads
to the formationof the alkylmetallic productof the
more electropositivemetal, just asin the caseof

BuLi + KOR, for example>
PhbMg + 2NaOCHCH,OEt— [?] «<— 2PhNa+
Mg(OCH,CH,OEt), [6]
identical NMR spectrafor reactionproducts

Thusthe R-Mg + 2MOR' systemappeardo be
equivalentto the 2RM + Mg(OR)), system.This
hasbeenprovedfor R =aryl, and the diminished
metallating ability and the stability towardsTHF
cleavageof the organoalkalreagentss dueto their
complexationwith magnesiurnralkoxide.

Our next stepwas to investigatethe synthetic
potentialof thesesystems.

Dibutylmagnesim whenunsolvateds insoluble
in hydrocarbormedia,butit couldbesolubilizedby
lithium (—)-mentholatelt appearedo us that this
combination might be a promising reagentfor
inducing asymmetry (Scheme 2). The results,
however, were quite disappointing.The enantio-
meric excessin the expectedaddition productto
benzaldehydethe butylphenylcarbinolwasrather
small; thereasorfor this becameapparenfrom the
other by-productsof the reaction,namely valero-
phenoneand benzyl alcohol— the oxidation and
reduction products, respectively,of butylphenyl-
carbinol and benzaldehyde.This then was an
indication that the systemexhibited sometype of
Meerwein—Ponndorf—Véey—Oppenauer activity.
Sincethesetypesof oxidation—reductiomreactions
are reversible, the cause of the loss of the
stereochemicahtegrity of the butylphenylcarbinol
becomesapparent.

Onecan,however takeadvantagef the above-
mentioned property of the R,Mg+ MOR' or
RM + Mg(OR), systemand apply the reagentgo
syntheticallyusefulreactionsForexample Eqn[7]
demonstratethatonecango directly to the ketone
from eitheran alkyl-lithium reagentanda magne-
sium alkoxide or from a dialkylmagnesiumand a
lithium alkoxide, simply by using the carbonyl
compoundn excessij.e. asbotha substrateandan

OH
n-Bu,Mg - Li_ o + PhCHO —_— Phl’:HBu + PhCOBu + PhCH,OH
o
ee up to 9%
Scheme2

Copyright© 2000JohnWiley & Sons,Ltd.

Appl. Organometal Chem.14, 653-659(2000)



656

C. G. SCRETTASAND B. R. STEELE
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——
Mg(OCH,CH,0Et),

2L
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Schemeb

CH,OCH,
(:[Br

CH,OCH,
C[ Br

+ n-Buli

+ n-Buli

THF

>

THF

D ——

Mg(OCH,CH,OEt),

Oppenauepxidant.

nBu,Mg - LIOCH,CH,OEt

+ xs. PhCHO— PhCOnBu [7]

The reactionwas extendedto the synthesisof
amidesby reactinga mixed alkyl alkoxidereagent
with a formamide and oxidizing the salt of the
intermediatehemiaminalby an Oppenaueoxidant
suchasbenzophenonéSchemes).

Armed with the knowledge that magnesium
alkoxide stabilizesalkali metal alkyls so that they
becomealmost inert towards THF cleavage,we
decidedto generatet-butyl-lithium from t-butyl
chloride and lithium metal in THF and in the
presencef magnesiun?-ethoxyethoxid¢Scheme
4). A numberof otherTHF-unstableorganolithium
reagentsverepreparedn the sameway 2

The preparationof substituted phenyl-lithium
with sensitivefunctional groups,such as an alk-
oxymethyl group, becamepossible according to
Schemeés. Evidently,the o-methoxymethylphenyl-
lithium generated,modified by magnesiumalk-

CH,OCH,
O: Li
CH,OCH,
C[Li - Mg(OCH,CH,OEt),

60%

Scheme6
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O(CH,),, OLi O(CH,), OLi

Li orn-BuLi/THF
—_—

Mg(OCH,CH,0Ft),

CI(Br) Li. Mg(OCH,CH,OEY),

n=2-7 50-75%

Scheme7

oxide, is incapableof attackingthe methoxymethyl
group, thus avoiding complicationsarising from a
possibleWittig rearrangement.

The same substitutedphenyllithium was pre-
paredfrom the correspondindgromide(Schemes)

by bromine-lithiuminterchangereaction® Here, it
is also of importanceto note that butyl-lithium
modified by magnesium2-ethoxyethoxideretains
its ability to undergoa halogen—metainterconver-
sionreaction.

Recentlywe haveshownthatthe LiO(CH,),O—
group on a benzenering is ratherstrongly ortho-
directing in the lithiation reaction? Therefore, if
one attemptsthe preparationof the corresponding
m- or p-substitutedohenyl-lithiumsfrom eitherthe
correspondinghloridesand lithium metalin THF
or from thebromidesby halogen—metahterchange
with butyl-lithium, onewill endup with the ortho

O
i SPh , i
LiO = LIO mL| ]m
THF 1. CO, (0]
+  2Li _—_—— —_
n Mg(OCH,CH,OEt), - 2. H*
n
n=20-3
m=1-2 ~45%
Scheme8
K CO,H
n-BulLi / LIK(OCH,CH,NMe,), K 1.CO, COH
- —_— +
2. H*
10 : 90
with added Mg(OCH,CH,OEt), 90 : 10
Scheme9
+
\K
C.H,
—_— + +
1 atm.
40% 22% 17%
SchemelO
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n-BuLi
LIK(OCH,CH,NMe,),

Mg(OCH,CH,OEt),

C,H, , 10atm, 80°C
o-,m-,p-xylene

61%

79% 75%

Schemell

isomer.If, however,the reactionis carriedout in
the presencef magnesiunalkoxide,the m- andp-
substitutedphenyl-lithiumsare producedin good
yields (Scheme?).X°

Scheme summarizeshe synthesiof a seriesof
3 and 4-lithio-oxybutyHithiums by cleaving the
correspondinghenylthioderivativeswith alithium
dispersionin THF andin the presenceof magne-
sium 2-ethoxyethoxideln both types of reagents
the w-carbonatomis sharedby a carbocyclicring.
Thesereagentsbecomestorablefor severaldays
and perhapsfor weeks. On carboxylation and
acidification they afford the correspondingspir-
olactonessomeof which are natural Productsand
constitutethe aromaof variousfruits.**

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

b
X

72%

—

60%
() n-BuLi, LIK(OCH,CH,NMe,),, Mg(OCH,CH,0E1),, C,H, , 20atm, 80°C

Schemel2

Copyright© 2000JohnWiley & Sons,Ltd.

mentst? we decided to prepare potassium 2-
dimethylaminoethoxideand use it as a LICKOR
reagentthe latter terminologybeing derivedfrom
the organolithium,’LIC’, and potassiumalkoxide,
‘KOR’, components.However, the solubility of
KOCH,CH,NMe, in hydrocarbonmediais very
low and in order to increaseits solubility we
preparedhe mixed lithium potassium2-dimethyl-
aminoethoxide,LiK(OCH,CH,NMe,),, which is
considerablymore soluble in methylcyclohexane
thanthe potassiumalkoxide alone.This bimetallic
alkoxide in combinationwith butyl-lithium con-
stitutes a ‘higher-order LICKOR reagent'. Its
powerful metallating ability was demonstratedn
the metallation of o-pinene (Scheme9), which
gives an allylic-type carbanionic species® An
interestingselectivityinversionwasobservedn the

B e

85%

(a)

—_—

68%
(a) n-Bulli, LiK(OCH,CH,NMe,),, Mg(OCH,CH,OEt),, C,H, , 20atm, 80°C

Schemel3
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carboxylatiorreactionof the metallatedx-pinenein
the absenceandin the presenceof magnesiun-
ethoxyethoxide.In the former casethe ratio of
endocyclicto exocyclic olefinic productwas 9:1,
whereaswhen magnesiumalkoxide was addedto
the metallateda-pinene prior to carboxylationto
form a hydrocarbon-solublspeciesthe ratio was
1:9. This could be of syntheticvalue,giventhatthe
exocyclic olefinic products are generally more
useful than the correspondingendocyclicolefinic
isomers.

Metallated«-pinenereactsslowly with ethylene
at 1atm and gives mainly three monoethylated
isomericproductsSchemel0)*® This promptedus
to revisit the reactionof the anionically catalysed
addition of methylaromaticsto ethylene. This
reactionwhich hasbeenstudiedmainly by Pines**
usually gives an intractable mixture of products
suchasindanesalkylatedbenzenesandtelomers.
Our higher-orderLICKOR reagentin combination
with magnesium 2-ethoxyethoxide provides a
catalytic systemwherebythe addition of methyl-
aromatics to ethylene takes place in a rather
chemoselectivavay. Thusmethyl groupsattached
to a benzenaing are convertedto 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 monoethylatedfor
example, n-butylbenzeneis transformedinto 3-
phenylhexane.The xylenes are ultimately con-
vertedto the correspondingois (3-pentyl) deriva-
tives (Schemell) and likewise mesityleneand
dureneareconvertedo tris- andtetrakis-(3-pentyl)
derivatives respectively(Schemel?2).

On going, however,to penta-and hexa-methyl-
benzeneghereactionbecomestronglydependent
onstericfactors.Thusin thesetwo caseshe methyl
groupswhich are flanked by other methyl groups
canonly be monoethylatedwhereadf the methyl
group has a free ortho position, like the methyl
groupsin the 1 and5 positionsin pentamethylben-
zene,they canundergodoubleethylation(Scheme
13). Despite the simple structure of these com-
poundsseveralof themhadneverbeenreportedn
the past,afact thatcouldindicatethe usefulnes®f
this catalytic method™®

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

Copyright© 2000JohnWiley & Sons,Ltd.

atedin 2m lithium 2-ethoxyethoxidein toluene
(Egn [8]). It shouldbe stressedhat the alkoxide,
besidesits solubilizing effect, also appearsto
facilitate the electrontransferfrom the metal to
the reduciblesubstrate?®

2m LIOCH,CH,OEt
toluene

(Ph-CH= CH-Ph) 'Na’
soluble [

Ph-CH= CH-Ph+ Na
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