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NEW YLIDE ANIONS.
A VINYL ANION EQUIVALENT FOR SUBSTITUTED FUMARATE ESTERS

Manning P. Cooke, Jr.
Department of Chemistry, Washington State University
Puliman, Washington 99164

ABSTRACT: A new type of ylide anion is reported which upon alkylation and elimination
of triphenylphosphine serves as a vinyl anion equivalent.

We wish to report a new approach to vinyl anion equivalents made possible by the
facile formation of a new type of ylide anion..l Deprotonation of 1, readily obtained
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from the addition of triphenylphosphine to diethyl fumarate,2 with LDA in THF at -78°
rapidly gives a dark orange solution of ylide anion 2. This anion is formally analo-
gous to the recently reported 1,2-dicarboxylate dianions.3 Ylide anion 2 is readily
alkylated by ordinary halides at 0° giving good yields of the substituted ylide 3 which
may be purified by chromatography (silica gel, EtOAc-MeOH, 9:1). Results of typical
alkylations are shown in the Table.

Regeneration of the olefinic link requires removal of the elements of
triphenylphosphine. While such extrusions have been reported to occur at around 170°
in related systems,4 a milder method was sought. Following the lead of Bestman5 in
work with related keto-ylides, we have found that the removal of triphenylphosphine is
readily accomplished upon heating 3 in refluxing toluene in the presence of a catalytic
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amount of benzoic acid. While the origin of the stereochemical outcome is not yet
c]ear,6 f-isomer formation predominates in most cases as seen in the Tab]e.7 This
predominance combined with facile 1somer separation8 make ylide anion 3 a syntheti-
cally useful source of a vinyl anion equivalent 1n the preparation of substituted fum-
arate esters which are not conveniently prepared by present Titerature methods.g’]0
A typical procedure 1s given.

Diethyl n-decylfumarate (ﬂ) R=27C]OH21). A solution containing 12 mmol of LDA
n 50 m1 of the THF (from 12 mmol of 1-ProNH and 11 mmol of 1.56N n-butyllithium in

hexane at ~78°) was stirred under argon at -78° while a solution containing 10 mmol of

1 1n 20 m1 of THF was added dropwise over 2 min. The resulting dark orange solution
was stirred at -78° for 15 min. and treated with 12 mmol of n-decyl iodide. The solu-
tion was stirred at 0° for several hours and then allowed to warm to room temperature
overnight. Solvent was removed under reduced pressure and the residue extracted with
methylene chloride - water. The 011 obtained after solvent removal was placed in 40 ml
of toluene containing 700 mg benzoic acid and heated at reflux for 20 hr. Solvent
removal followed by pentane~water—NaHC03 extraction gave a mixture of olefins which

was easily separated on a short column of silica gel. Elution with hexane followed by
CHZC12—hexane (1:1) gave 1.91g (61%) of pure diethyl n-decylfumarate, bp 136-138°

(0.25 mm); NMR (CC14) C=CH ¢ 6.75; C,H anal.

Treatment of ylide anion 2 with cyclohexanone or butyraldehyde failed to give the
desired carbonyl adducts. In both cases the color of 2 was rapidly discharged upon
warming to -30° but only starting ylide 1 could be detected (tlc). This suggests that
proton abstraction is the dominate reaction with enolizable carbonyl compounds although
facile retro-condensation has not been excluded.

We have also 1nvestigated the possibility that 2 might be used 1n ring-forming
reactions resulting from alkylations with bifunctional electrophiles and subsequent
intramolecular reactions at the less nucleophilic ylide center. Treatment of 2 with
excess 1,3-dibromopropane gave an alkylated ylide which upon heating in THF in the
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presence of N,N-diisopropylethyl amine underwent 1ntramolecular cyclization and

elimination to give diethyl cyclopentene~1,2-dicarboxylate in 58% isolated yield.

Alkylation of 2 with 1,4-dibromobutane followed by prolonged heating gave no carbocycle

and the intermediate alkylated ylide 3 (R = Br(CHz)Z) could be subsequently

isolated 1n 93% yield. The corresponding 10dide was 1ikewise resistant to cyclization.
Finally, we have briefly 1nvestigated cyano-ylide gﬂ] which 1s readily

deprotonated by LDA and was alkylated 1n 94% yield by n-decyl 1odide. Elmmination of
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triphenylphosphine is notably slower in this case, however, requiring 30 hr of heating
with benzoic acid (3 typically requires only 4 hrs) and results 1n the formation of a
major amount of 8 as an equal mixture of geometric isomers and only minor amounts of
the expected isomer, 9. The longer reaction time required in the elimination step may
encourage isomerization of 1nitially formed 9.

The introduction of other useful structural units as nucleophiles using this
approach is under investigation.
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