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Abstract—Treatment of 2,4-diisopropoxybenzyl alcohol with chlorotrimethylsilane in acetonitrile at room temperature for 1 h
afforded a novel crystalline resorc[4]arene octaisopropyl ether in 96% yield. Protecting groups were cleaved by boron trichloride in
dichloromethane within 30min and the parent resorc[4]arene was isolated by flash chromatography in 76% yield. The outcome of
the deprotection step was dependent on the conditions used as it is exemplified by a preparation of resorc[4]arene heptaisopropyl
ether.
� 2004 Elsevier Ltd. All rights reserved.
The acid-catalyzed condensation reaction between res-
orcinol and benzaldehyde was first reported1 by Bayer in
1872 and the correct structure of the product,
resorc[4]arene, was elucidated by Erdtman only in
1968.2 Since that time, the readily available C-alkylated
calixresorcinarenes have been found to possess inter-
esting material and complexation properties and their
chemistry has been well established.3 However, the
parent resorc[4]arene 1 cannot be synthesized by this
method due to the high reactivity of formaldehyde
resulting in polymer formation. Thus, several alternative
routes had to be developed. A treatment of 2,4-
dimethoxybenzyl alcohol with trifluoroacetic acid at
ambient temperature for 18 h led to resorc[4]arene
octamethyl ether 2 in 95% yield.4 Subsequent depro-
tection with boron tribromide followed by acetylation
afforded the octaacetate 3 in 25% yield. The reaction of
2-propylresorcinol with formaldehyde diethyl acetal
gave a mixture of three cyclic oligomers where
resorc[4]arene 4 was a major product after 6 h.5
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More recently, octamethyl and octa-allyl ethers 2 and 5
were obtained from the cyclooligomerization of the
corresponding 2,4-bis(alkoxy)benzyl alcohols in the
presence of scandium trifluoromethanesulfonate.6 The
yields of 2 and 5 were 34% and 54%, respectively. Octa-
allyl ether 5 was then deprotected using PdCl2(PPh3)2
and ammonium formate and the resorc[4]arene 1 was
isolated in 52% yield. The condensation of 1,3-dimeth-
oxybenzene with paraformaldehyde in 2-ethoxyethanol
was reported to produce octamethyl ether 2 as a
mixture of stereoisomers, which were separated due to
their different solubilities in chloroform.7 Both isomers
of 2 were prepared in 82% yield. However, the low
overall yields of resorc[4]arene 1 seem to be serious
drawbacks of the time consuming syntheses reported so
far.
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Figure 1. X-ray crystal structure of resorcinarene 6.
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We describe herein an efficient and expedient synthetic
route to resorc[4]arene 1 based on the observation that
2,4-diisopropoxybenzyl alcohol underwent quantitative
tetramerization in the presence of chlorotrimethylsilane.
The effect of a Lewis acid on the cyclooligomerization of
2,4-bis(alkoxy)benzyl alcohols6 and 2,4-dimethoxycin-
namate8 has already been assessed but chlorotrimethyl-
silane seems to be the most efficient reagent with its low
price making it suitable for large-scale operations.

Commercially available 2,4-dihydroxybenzaldehyde was
alkylated with isopropyl bromide under phase transfer
catalysis (Scheme 1). 2,4-Diisopropoxybenzaldehyde
was obtained in 90% yield and identified9 from its 1H
NMR spectrum. Its subsequent reduction with sodium
borohydride gave 2,4-diisopropoxybenzyl alcohol in
94% yield.10 Cyclooligomerization of 2,4-diisopro-
poxybenzyl alcohol was carried out in several solvents
(acetonitrile, N,N0-dimethylformamide, dichloro-
methane) in the presence of a mineral acid (sulfuric or
hydrochloric acid), trifluoroacetic acid or a Lewis acid
(boron trifluoride diethyl etherate or chlorotrimethyl-
silane). In all these investigations, resorc[4]arene octa-
isopropyl ether 6 was formed as indicated by TLC.
However, the complexity of the reaction mixture was
dependent on the ratio of the reagents, temperature and
duration of the reaction. As the highest yield and sim-
plest purification of resorc[4]arene 6 on a multigram
scale were required, chlorotrimethylsilane and aceto-
nitrile were then selected as the conditions of choice.
Thus, the tetramerization of 2,4-diisopropoxy-
benzyl alcohol spontaneously afforded crystalline
resorc[4]arene 6 in 96% yield11 within 1 h at room tem-
perature.12 The structure of 6 was proven unequivocally
by X-ray crystallography and mass spectrometry.
Resorc[4]arene 6 crystallized easily yielding single crys-
tals of good quality from acetonitrile solution.13–15

Novel resorc[4]arene 6 occupied the 1,3-alternate con-
formation in the solid state (Fig. 1). Furthermore, the
structure of 6 in solution was studied by NMR spec-
troscopy. In accord with the previously reported octa-
methyl4 and octa-allyl6 ethers, 1H and 13C NMR spectra
in CDCl3 indicated either the 1,3-alternate conformation
or a fast equilibrium among the conformationally flex-
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Scheme 1. Reagents and conditions: (a) iPrBr (3.5 equiv), K2CO3

(2 equiv), Bu4N
þI�, acetone, 80 �C, 18 h; (b) NaBH4 (0.5 equiv), eth-

anol/water (2:1, v/v), rt, 1 h; (c) (CH3)3SiCl (2.5 equiv), acetonitrile, rt,

1 h; (d) BCl3 (15 equiv), CH2Cl2, 0 �C, 1 h.
ible species on the NMR time scale. Nevertheless, the
NOE connectivities observed between the CH proton of
the isopropyl groups and the aromatic proton H-1
suggest that the preferred conformation of 6 is more
likely to be the 1,3-alternate one. For a deeper under-
standings of its conformational behaviour, temperature-
dependent 1H NMR spectroscopy was used. There was
no significant change in the 1H NMR spectra within the
accessible temperature range in CD2Cl2 (173–308K).
The protecting groups in resorc[4]arene 6 were smoothly
cleaved with boron trichloride and the parent re-
sorc[4]arene 1 was isolated by flash chromatography in
76% yield.16 Both 1H and 13C NMR spectra of re-
sorc[4]arene 1 in CD3OD were identical with those
described.6 As observed for the protected compound 6,
the temperature-dependent 1H NMR spectra of re-
sorc[4]arene 1 did not reveal significant changes when
measured in CD3OD (193–298K). These results suggest
either a conformationally flexible structure or the 1,3-
alternate conformation. However, taking into consider-
ation the possibility of intramolecular hydrogen bonds
being able to stabilize the cone conformation or to
generate molecular capsules,17 further NMR investiga-
tions are in progress.

During deprotection of resorc[4]arene 6 we found that
the isopropyl groups could be removed stepwise and the
ratio of partially alkylated derivatives of resorc[4]arene 1
depended on the conditions used. Thus, treatment of
resorc[4]arene 6 with boron trichloride (4 equiv) at 0 �C
for 30min gave a complex mixture from which
resorc[4]arene heptaisopropyl ether 7 was isolated in
18% yield and its identity was confirmed by MS and
NMR studies.18

Partially O-alkylated C-alkyl resorcinarenes were pre-
pared in good yields by a Lewis acid catalyzed reaction
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of 3-methoxyphenol with octanal19 or 3-cyclopentyl-
oxyphenol with 1,1-dimethoxyhexane.20 In both cases,
the reaction proceeded with remarkable regioselectivity
and the corresponding C4-symmetric resorc[4]arene tetra-
alkyl ether was isolated. Several monoalkyl ethers of
calix[4]arene, obtained either via selective dealkylation21

or partial alkylation,22 have also been reported. In
contrast, partially alkylated derivatives of resorc[4]arene
1 have not yet been described. Although selective
deprotection of octaisopropyl ether 6 gave a mixture of
at least six partially alkylated products, we were able to
separate five of them by flash chromatography on silica
gel. The identification of a number and the position of
isopropyl groups employing NMR experiments forms a
part of our ongoing work in this area.

In conclusion, we have established that cyclooligomer-
ization of 2,4-diisopropoxybenzyl alcohol in the pres-
ence of chlorotrimethylsilane followed by deprotection
represents a simple and effective route to the parent
resorc[4]arene which was isolated in 73% overall yield.
Furthermore, it is expected that partial deprotection of
resorc[4]arene octaisopropyl ether 6 could offer a way in
which resorc[4]arene can be functionalized selectively.
Thus tailoring of different types of selectively function-
alized resorc[4]arenes enables the synthesis of new types
of receptors with enhanced selectivity and geometrical
stability. Our initial study shows its feasibility and
demonstrates this very promising approach.
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