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Abstract

A series of polyhydroxylated symmetrical macrocycles has been prepared in satisfactory yield by 1:1 conden-
sation of several bis-epoxides with various bis-nucleophiles. Preliminary results are reported, which illustrate the
synthesis of crown ethers and oxa-azacrown and oxa-thiacrown compounds. © 2000 Elsevier Science Ltd. All
rights reserved.
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Syntheses of macrocyclic compounds that contain nine or more atoms in the ring, including at least
three heteroatoms, have been known for a long time.1–4 The condensation of two bifunctional fragments
(1+1 procedure) is the most usual approach for the construction of the macrocyclic system. Nearly all
of the syntheses that use this strategy link nucleophilic heteroatoms (Z=N,O,S) with electrophilic carbon
atoms (Scheme 1).

Scheme 1.

The electrophilic centre is a primary carbon bearing a good leaving group such as iodides, sulfonates,
or carboxylic functions. To our knowledge, there are very few examples of macrocyclisation involving
the opening of bis-epoxides by nucleophilic attack on the terminal carbon atoms affording symmetrical
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functionalised macrocycles. The only one found in the literature is the reaction of ethylene glycol with
diethylene glycol diglycidyl ether, which gave a mixture of two isomeric crown derivatives in 24%
yield.5 Le Merrer and co-workers have also prepared, in a two steps procedure, various mono and
diaza cyclic compounds by opening homochiralC2-symmetric bis-epoxides with amines.6 The acid-
catalysed oligomerisation of ethylene oxide in the presence of alkali metal cations7 is another approach
to macrocycles but it is not under the scope of the present work.

In this preliminary communication it is shown that polyheteroatomic, symmetrical and functionalised
macrocycles are easily obtained from bis-epoxides and a variety of bis-heteronucleophiles (Scheme 2).

Scheme 2.

The following bis-epoxide substrates (2a,c,d) were prepared by epoxidation of the corresponding bis-
allyl compounds (1) with m-chloroperbenzoic acid.8 Compound2b is commercially available (Scheme
3).

Scheme 3.

The macrocyclisation with each bis-nucleophiles was achieved without high dilution as in a simple
intermolecular nucleophilic attack on an epoxide. NaH in dry THF first converted the diols and dithiols
to their anions.9 The diamines were added in refluxing acetonitrile or in water.10

Table 1 summarises the most significant results; the yields are given for the chromatographically
isolated macrocycles.11

The 15- and 16-membered rings could be prepared in satisfactory yields. Surprisingly, we observed
that the reaction of the bis-epoxide2d with 2-benzyloxy-1,3-propanediol (Y02) gave only traces of the
expected macrocycles, while they are formed in excellent yield from the bis-epoxide2cand 2,2-dimethyl-
1,3-propanediol (Y01) (92%). Similarly, very poor yields have been obtained with the bis-epoxide2a. No
convincing explanation for this result may be proposed at that time except a possible template effect of
the sodium ion for2cwhich might be disfavoured by the smaller size of2a.

On the other hand, as mentioned by Le Merrer and co-workers,6 we found that reactions of bis-
epoxides with diamines afford better yields in water than in acetonitrile, due probably to a better
stabilisation of the transition state during the nucleophilic attack.

Each isolated macrocycle showed only one molecular peak in their ESMS mass spectra. They gave
satisfactory microanalyses for molecular formula. As proton NMR spectra exhibited good integrals but
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Table 1

very complex multiplets for each kind of proton found in the molecules we concluded that the observed
samples were mixtures of diastereoisomers (2, 3 or 5 depending on the different substituents). Finally,
carbon NMR spectra also accounted for this conclusion according to the number of carbon atoms for
each type of carbon atoms.

Efforts are being made to separate these mixtures and to isolate at least the more abundant stereo-
isomers of these new polyhydroxylated macrocycles. The reactions of other bis-epoxides with bis-
nucleophiles and the possible role of a sodium template effect5 during the cyclisation are also under
investigation.
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