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The unusual course of the high-pressure reaction of
1,10-diaza-[18]-crown-6 with a,x-diiodo ethers
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Abstract—Simple 1,10-diaza-[18]-crown-6 reacts smoothly with di(2-indoethyl)ether under high-pressure (10kbar) to give a bis-
quaternary spiro salt as a major product, whereas the analogous reaction with 1,8-diiodo-3,6-dioxaoctane leads to the expected pre-
cursor of a [2.2.2] cryptand.
� 2004 Elsevier Ltd. All rights reserved.
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Scheme 1.
Macrobicyclic molecular receptors, containing two
bridgehead nitrogen atoms, are commonly called crypt-
ands and their most distinguishing feature is their com-
plexing behaviour.1 They form stable complexes with a
wide range of chemical species and therefore, since
Lehn�s discovery,2 studies aimed at rational design and
synthesis of more elaborated cryptand derivatives hav-
ing the desired complexing properties have advanced
considerably.3 The first versatile procedure for the syn-
thesis of cryptands, namely the high-dilution method,
was developed by Lehn and co-workers.2 This method
is based on the condensation of diazacoronands of type
A (Scheme 1) with an appropriate dicarboxylic acid
dichloride. In the early 1980s, we proposed a novel
high-pressure procedure for the synthesis of cryptands
via the double-quaternization of N,N 0-dimethyl diaza-
coronands of type B and a,x-diiodo ethers (Scheme 1).
We have successfully applied this method for the prepa-
ration of simple4 and chiral bicyclic cryptands5 as well as
their tricyclic analogues.6 Simple bicyclic cryptands have
also been obtained from a high-pressure double-alkyl-
ation reaction involving diazacoronands of type A and
a,x-diiodo bridging components, followed by thermal
decomposition of the cryptate formed during neutraliza-
tion (Scheme 1),7 but the yields were substantially lower
compared with the double-quaternization/demethyl-
ation procedure.
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This puzzling results, as well as recent developments in a
new analytical tool, ESI-MS for precise analysis of com-
plex reaction mixtures, prompted us to reinvestigate the
reaction mentioned above.

Of many possible substrates already employed in our
laboratory, we chose 1,10-diaza-[18]-crown-6 1, and
di(2-indoethyl)ether 2 as a bridging unit, for the prelimi-
nary studies. Equimolar amounts of these compounds
were subjected to the high-pressure alkylation reaction
(10kbar, 50 �C, acetonitrile, 72h, Scheme 2). Following
decompression, we found that complete conversion
had occurred. The resulting products precipitated from
the solution as a colourless solid, which was subjected
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Figure 1. Crystal structure of 8: ORTEP plot with atom labels.
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to ESI-MS analysis. The spectrum obtained made it pos-
sible to determine the qualitative composition of the
product mixture. Contrary to our expectations, the m/z
peaks corresponding to the ammonium salt 4 were not
the most intense signals. The major peaks came from
the product of double quaternization, which led to the
salt 8 (Scheme 2).

A thorough analysis of the ESI-MS spectrum of the
solid obtained provided valuable information concern-
ing the course of the reaction. Based on these findings,
we propose the reaction course presented in Scheme 2.
We assume that the first step is attack of the electrophile
2 on one of the nucleophilic nitrogen atoms of the dia-
zacoronand 1, resulting in formation of the ammonium
salt 3, which is a generally acknowledged intermediate
leading to the bicyclic ammonium salt 4 and, conse-
quently, to the cryptand 5. In fact, the reaction course
is completely different from this point; namely, the free
end of the diiodo ether chain attacks the same nitrogen
atom, to form a stable quaternary ammonium salt 6 in
the form of a six-membered morpholine ring spiro to
the macrocyclic ring. The evidence indicates that forma-
tion of the product 6 is accompanied by formation of an
equimolar amount of the salt 7. Although 6 is positively
charged, diminishing its nucleophilic character, the high-
pressure conditions favour attack of the second mole-
cule of the diiodo ether 2 on the other nitrogen atom,
resulting analogously in formation of the salts 8 and 9.
The former should be characterized by an extraordinary
stability. Indeed, fractional crystallization of the crude
reaction product made it possible to isolate pure salt
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88 (25% yield based on substrate 1) as monocrystals suit-
able for X-ray structure analysis.9 The results of this
analysis are shown in Figure 1.

Referring back to the analysis of the ESI-MS of the
reaction product, we would like to point out the possi-
bility that compound 1 is not only a substrate for the
reaction, but also a scavenger for hydrogen iodide. This
second role diminishes the overall yield of the process,
which cannot exceed 50% based on 1.

These preliminary results prompted us to study an anal-
ogous reaction of the substrate 1 with 1,8-diiodo-3,6-
dioxaoctane (10) (Scheme 3).

As in the former case, an ESI-MS spectrum was
recorded for the crude solid reaction product. The major
peaks were attributable to the salt 11, which can be read-
ily converted to the free [2.2.2] cryptand. This agrees
well with our previously published findings.7 As a conse-
quence, only minute amounts of the spiro systems 12
and 13 are formed. Such a result agrees well with the
generally accepted rule that formation of nine-mem-
bered rings (e.g., in compounds 12 and 13) is not
favoured in contrast to formation of the six-membered
rings (e.g., in compounds 6 and 8).

These preliminary results cast a new light on the scope
and limitations of the high-pressure synthesis of crypt-
ands making use of double alkylation of secondary
and tertiary macrocyclic diamines.

Further studies, involving other substrates, both macro-
cyclic rings and a,x-diiodo bridging units, appear to be
necessary to confirm unequivocally the reaction course
proposed in this paper. Work towards this end is in pro-
gress in our laboratory.
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