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One of the most common procedures for the synthesis of unsymmetrical ethers was originally
introduced by Williamson,' and involves the reaction of alkoxides with alkyl halides. Although this method
has been known for nearly 150 years, there are few variants which allow secondary-primary or tertiary-
primary ether combinations to be prepared easily in high yields. A variety of bases have been employed for
generation of the metal alkoxides, including alkali metals, sodamide, and alkali metal hydrides.2 When
sodium hydride is used, reaction times and yields are often unacceptable and usually require the use of
dipolar aprotic solvents, DMSO and DMF,’ sometimes with the aid of phase-transfer catalysts."’S Owing to
their toxicity and difficulty of removal, the use of these solvents is best avoided if possible. We report that
the use of 15-crown-5 greatly facilitates the preparation of hindered ethers in THF which are inaccessible
using traditional techniques.

We are interested in the convenient preparation of new homochiral lanthanide polyether complexes
for use in asymmetric versions of reactions catalytic in lanthanide triflates, notably our carbonyl allylation
with allyltributyltin.’ Target ligands include 1 and 2, derived from optically pure hydrobenzoin and
binaphthol respectively. Both of these targets require a routine preparation of hindered ethers in high yields.
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Our strategy for chiral polyether ligand 1a required the double coupling of the chiral o~hydroxymethyl ether
3 to diethyleneglycol ditosylate 4. Numerous sets of conditions were employed, ranging from the use of
aprotic dipolar solvents to iodide catalysts, all with little or no success. This lack of reactivity was attributed
to the strong association of the sodium cation with the alkoxide anion. We believed that the nucleophilicity
could by increased by solvation of the ion pair with 15-crown-5, since it has been successfully utilised in the
preparation of vinyl oxiranes through intramolecular cyclisation.” Modified 15-crown-5 has been employed
in phase-transfer catalysed Michael additions.”

When 3 was treated with a small excess of sodium hydride in THF followed by subsequent addition
of 4, no reaction was observed after refluxing for 6 days. However on addition of 1 equivalent of 15-crown-
5, the desired product 1a was isolated in 71% yield after only 5 hours at room temperature (scheme n?
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Similar problems were encountered in attempts to synthesise the p-methoxybenzyl (PMB) analogue 1b,
which is the precursor to the chiral polyethylene glycol 1c. Use of our 15-crown-5 procedure overcame these
difficulties and furnished 1b in 67% yield.

The successful synthesis of the highly hindered binaphthol derived polyether ligand 2 also resulted
from this new procedure. We were encountering serious difficulties in methylating the hindered tertiary diol
5 using conventional procedures. However on treatment of diol 5 with sodium hydride and 15-crown-5
followed by subsequent addition of methyl iodide, excellent yields were obtained after only 3.5 hours stirring
at room temperature in THF (scheme 2):
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Scheme 3 illustrates the synthesis of chiral triglyme analogue 7 in high yield:
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The results for the polyether synthesis are summarised in table 1:

Table 1. Preparation of Homochiral Polyether Ligands.

Entry Reagent Product Solvent Temp. Additive Time/h Yield/ %

/°C
1 3a la DMF 20-100 K1 26 <10%
2 3a la THF 80 none 150 0
3 3a la THF 20 15-crown-5 5 71
4 3b 1b THF 20 none 16 0
5 3b 1b THF 20 15-crown-5 6 67
6 5 2 THF 0-20 none 10 0
7 5 2 THF 0-20 15-crown-5 35 98
8 6 7 THF 20 15-crown-5 6 91

This methodology was extended into the synthesis of a series of bis-allylic ether substrates (scheme 4)
for our tandem-[2,3]-Wittig-anionic oxy-Cope rearrangements.'® Table 2 summarises the results which
clearly illustrate the generality of this reaction.
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Table 2. Preparation of Bis-Allylic Ethers.
Entry Temp./  Additive Yield/
R' R® R °C %
1 Pr Bu H 20 none 0
2 Pr ‘Bu H 40 none 16
3 Pr ‘Bu H 20 15-crown-5 89
4 ‘Pr H Bu 20 15-crown-5 72
5 Pr Me Me 20 15-crown-5 78
6 Pr n-Bu H 20 15-crown-5 87
7 ‘Pr H H 20 15-crown-5 66
8 Cyclohexyl H H 20 15-crown-5 98
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As bromide is an inferior leaving group to tosylate, a catalytic quantity of tetrabutylammonium
iodide was used to generate a more reactive allyl iodide intermediate. The benefit of 15-crown-5 becomes
obvious by comparing the low yields of entries 1 and 2 with the excellent yield of entry 3.

The role of the crown ether is almost certainly to activate the sodium alkoxide intermediate. In
absence of the 15-crown-5 the metal ion will be strongly associated with the alkoxide resulting in a greatly
reduced nucleophilicity. Addition of crown ether should solvate the ion pair resulting in a rapid increase in
the rate of nucleophilic attack on tosylates or alkyl halides (scheme 5):

Scheme 5
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Investigation into the use of sub-stoichiometric quantities of crown ether is currently underway.
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