
     

Intramolecular SN2A cyclization of an alkyllithium species onto a methoxy
allyl ether is syn selective†
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The preference for syn- or anti-addition of an intramolecular
SN2A cyclization of an alkyllithium species onto a methoxy allyl
ether has been proven unequivocally to take place by a syn SN2A
mechanism.

Alkyllithium cyclizations onto alkenes or alkoxy alkenes have
interesting possibilities as ring-forming reactions.1 The preference
for syn- or anti-addition in the SN2A intramolecular cyclization of
alkoxy alkenes has not been investigated. Examples by Farnum2a

and Lautens2b support the view that syn-SN2A cyclization predom-
inates, but their substrates prohibit anti cyclization. Stille,2c who
showed that SN2A cyclization preferentially generates E-alkenes
with 10–20 : 1 selectivity, assumes in his work that anti-SN2A
cyclization of an organolithium species was favoured by analogy to
cuprate additions.3 Stille’s substrate could only cyclize in an anti
SN2A addition. Both syn and anti cyclizations are possible, but
which mode is preferred?

We envisioned an unbiased test of syn/anti-SN2A selectivity in
alkyllithium cyclizations of a methoxy allyl ether, Scheme 1. Using
the optically pure methoxy allyl ether substrate depicted, we
predicted that the syn-SN2A cyclization would provide the S
enantiomer 3, whereas the anti-SN2A reaction would produce the R
enantiomer 4 as illustrated in Scheme 1. In accordance with Stille’s
experimental results we expect the E olefin isomer to predominate
regardless of syn or anti selectivity. Oxidation of the cyclization
product to 11 followed by evaluation of the optical purity and
absolute configuration of the stereocenter would determine the
intrinsic bias for syn- or anti-SN2A cyclizations of alkyllithium
reagents.

Synthesis of the enantiopure cyclization precursor is outlined in
Scheme 2. Propargyl ketone 5 was synthesized by the nucleophilic
addition of a lithium anion of the silyl ether of 4-pentyn-1-ol to a
Weinreb amide, which was derived from commercially available
4-phenyl-butanoic acid.4a Enantioselective reduction of ketone 5
utilizing Noyori’s asymmetric hydrogen-transfer catalyst gave the
desired propargyl alcohol 6 in 81% yield, and 97% ee as determined
by HPLC on a Chiracel-OD column.4b,c Propargyl alcohol 6 was

subjected to a four step reaction sequence that included reduction of
the alkyne to the E olefin (to give 7a), formation of the allyl methyl
ether (to 7b), removal of the silyl protecting group (7c), and
conversion of the primary alcohol to alkyl iodide 7d.4d,e The
quaternary center of the cyclization precursor 9 was installed by
deprotonating commercially available isobutyronitrile, 8, with
lithium diisopropylamide, followed by alkylation with iodide 7d to
give the cyclization precursor 9 in 97% yield.4f

The enantiopure substrate 9 was subjected to reductive lithiation
conditions utilizing LiDBB (lithium di-tert-butyl biphenylide) at
278 °C to generate a tertiary alkyllithium species.5a–c The product
of the cyclization reaction, hydrocarbon 10, was isolated in 37%
yield with an E/Z selectivity of 97 : 3 as determined from the 1H
NMR spectrum. The low yield associated with the cyclization
reaction is a reflection of the difficulty in separating the cyclization
product from the hydrocarbon side products.

Olefin 10 was oxidized with ruthenium tetraoxide to form
carboxylic acid 11 (Scheme 3).5d A portion of acid 11 was treated
with diazomethane and the enantiomeric ratio of the resulting
methyl ester was determined by GC on a chiral column to be 95 :
5.6,10 Thus the transfer of chirality from the methoxy center was ca.
96%.7

To determine the absolute configuration of the product, acid 11
was coupled to (R)-PGME (phenyl glycine methyl ester) to form
diastereomeric amides 13 and 14 as illustrated in Scheme 4.7,8 The
1H NMR spectrum of the amides formed from the oxidized
cyclization product was compared to the spectrum of a standard
mixture, which was derived from the racemic counterpart of acid
11.9,10 The major product was found to have chemical shifts of the
two methyl singlets at 1.20 and 0.93 ppm. The chemical shifts of the
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Scheme 1 SN2A cyclization of methoxy allyl ethers: syn-selective or anti-
selective?

Scheme 2 Synthesis of enantiopure cyclization precursor.

Scheme 3 Reductive lithiation and cyclization.
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two methyl singlets of the minor diastereomer were found further
upfield at 1.08 and 0.75 ppm. The major product was identified as
the (R,R)-diastereomer 13 based on these chemical shifts, and the
minor was identified as the (S,R)-diastereomer 14. The (R,R)-
diastereomer 13 corresponds to the S enantiomer 3. Thus the
cyclization produced (S)-3 through a syn-SN2A cyclization of alkene
9. The syn pathway predominated over the anti pathway with at
least a 20 : 1 preference.

The optically pure acyclic cyclization precursor was prepared
and subjected to reductive lithiation mediated by LiDBB. The
tertiary alkyllithium species thus formed cyclized onto a methoxy
allyl ether moiety via an intramolecular SN2A mechanism. Oxida-
tion of the alkene product to the carboxylic acid, and derivatization
to a chiral phenyl glycine amide provided the absolute configura-
tion and the syn preference of the cyclization reaction. In a
conformationally unbiased system alkyllithium cyclizations onto
methoxy alkenes prefer the syn SN2A cyclization pathway with
approximately a 96% stereochemical preference.

This work was supported by the National Institutes of General
Medicine (GM-65338).
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Scheme 4 Chiral amide analysis.
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