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Abstract

Novel silacyclophanes have been synthesized by using quadruple cycloadditive macrocyclization and intramole-
cular nitrile oxide dimerization. The macrocyclic cycloadducts were characterized by spectroscopic methods and
X-ray crystallography. © 2000 Elsevier Science Ltd. All rights reserved.
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Silicon-bridged macrocycles are of interest due to their additional coordination sites compared to
carbomacrocycles and good chemophysical properties including solubility. So far synthetic efforts
toward silacalixarenes,1 silacyclophanes,2 and a silacrown3 have been reported. We report here the
facile synthesis of novel silacyclophanes by using the quadruple cycloadditive macrocyclization (QCM)
methodology4 and intramolecular nitrile oxide dimerization,5 and their X-ray crystal structures. QCM
methodology based on 1,3-dipolar cycloaddition reaction provides a very efficient way to the silamacro-
cycles due to the short reaction sequences.

Silamacrocycle 3 was synthesized in a two-step sequence by using QCM methodology
(Scheme 1).4 Double cycloadditions between in situ-generated isophthaldinitrile oxide and 1,3-
divinyltetramethyldisiloxane provided [1+2] cycloadduct2 as the major intermediate and further
cycloadditions between2 and isophthaldinitrile oxide afforded the final [2+2] cycloadduct36 as the
major product in 25% overall yield. The structure of silacyclophane3 was identified by elemental
analysis, mass spectroscopy, IR,1H NMR and 13C NMR, and confirmed by X-ray crystallography
(Fig. 1).7 The relative stereochemistry of the intermediate2 was tentatively assigned by the X-ray
crystal structure of the final product3. In a similar fashion, silacyclophanes66 was prepared by QCM
methodology between terephthaldinitrile oxide and 1,3-divinyltetramethyldisiloxane (Scheme 1). Thus,
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1,3-divinyltetramethyldisiloxane was served well as a bifunctional siladipolarophile with benzene-based
bifunctional dipoles.

Scheme 1.

Fig. 1. X-Ray crystal structure of3

In the case of QCM with 2,6-pyridinedintrile oxide, two macrocyclic cycloadducts were isolated. The
first was the regular [2+2] cycloadduct86 (8%) and the second was a [2+1] triple cycloadduct96 (25%)
(Scheme 2). Silamacrocycle8 is the pyridine version of compound3 and was formed through QCM
in one pot. However, formation of compound9 is rather unique and deserves attention. Very recently,
Mioskowski and co-workers5 reported the synthesis of medium- and large-size rings by intramolecular
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nitrile oxide dimerization, which results in the formation of furoxan moiety. During the dimerization
process, one of the nitrile oxides acts as a dipole whereas the other acts as a dipolarophile. Formation
of compound9 proceeds via [2+1] double cycloadditions followed by intramolecular nitrile oxide
dimerization. Generation of the rather unusual product9 may be attributable to the stability of 2,6-
pyridinedinitrile oxide and the proximity between two nitrile oxide moieties. The chemical structure
of 9 was confirmed by X-ray crystallography (Fig. 2).7

Scheme 2.

Fig. 2. X-Ray crystal structure of9

In summary, we have synthesized novel silacyclophanes by using quadruple cycloadditive macrocycli-
zation and intramolecular nitrile oxide dimerization. With suitable siladipolarophiles these methodolo-
gies will provide an efficient route to various silamacrocycles.
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