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Abstract: Photoreactive calix[n]arenes containing radical polymerizable (meth)acrylate
groups, and catatonically polymerizable vinyl ether, propargyl ether, oxirane and oxetane
groups were synthesized by certain reactions of calix[n]arenes with the corresponding
(meth)acrylic acid derivatives, vinyl ether compound, epibromohydrin and oxetane
derivatives, respectively. The photochemical reaction of these calix[n]arene derivatives
were also examined.

INTRODUCTION
Over the last 20 years, UV and EB curing systems have been of great interest1, and

have been introduced in the fields of coatings, printing inks, photofabrications, adhesives, and
solder masks. These systems are among the important methods of reducing use of harmful
organic solvents, carbon dioxide due to the combustion of fossil fuels, and energy. Recently,
these UV and EB curing systems have been further extended2 4 in some new technology fields
such as microelectronics, micromachines, three-dimensional fabrications, liquid crystal
displays, optical media, and optoelectronic materials. In these curing systems, radically
polymerizable polyfunctional acrylates have been widely, because these monomers and
oligomers have high photochemical reactivity to produce the crosslinked insoluble lumps or
films with excellent mechanical and physical properties. However, thermal stability of
commercially available polyfunctional acrylates is generally too low to be considered suitable for
such applications. Recently, the authors have been much interested in the synthesis of
photopolymerizable polyfunctional acrylates with high thermal stability for the progress of new
application,

Meanwhile, calixarenes are cyclic oligomers having many reactive hydroxyl groups in
the molecules, which are prepared easily from the reaction of phenols with formaldehyde.
Since calixarenes have so far been attracted5 much interest in the field of host-guest chemistry,
synthesis6 of many calixarene derivatives and chemical modification7 of calixarenes have
been investigated in attempting to induce the targeted character. Recently, it was also
suggested that calixarenes have further unique characteristics such as small molecular size,
good film-forming properties, high glass transition temperature (Tg), and so on. From these
buckground, the authors consider that calixarenes could be used as a starting material for the
synthesis of high performance photo-curable monomers and oligomers.

This article reports on the synthesis of various photo-curable calix[n]arenes containing
radical polymerizable (meth)acrylate groups8, and catatonically polymerizable vinyl ether,
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propargyl ether, oxirane and oxetane groups910. Thermal properties and photochemical reaction
of these polyfunctional acrylates or methacrylates containing calixarene backbone were also
examined.

RESULTS AND DISCUSSION
Polyfunctional (meth)acrylates with calixarene backbone [calixarene (meth)acrylates] were

obtained in good yields by certain reactions of p-methylcalix[6]arene (la) or p-tert-
butylcalix[6]arene (lb) with (meth)acrylate derivatives. Calix[6]arene acrylates 2a,b were
synthesized by the condensation reaction of la,b with acryloyl chloride in NMP using triethylamine
(TEA) as a HC1 acceptor. Calix[6]arene methacrylates 3a,b were also prepared by the same
reaction of la,b with methacryloyl chloride. Calix[6]arene methacrylates 4a was obtained by the
addition reaction of la with glycidyl methacrylate (GMA) in NMP using tetrabutylammonium
chloride (TBAC) as a catalyst. Calix[6]arene methacrylate 5a, b were prepared by the addition
reaction of la,b with (2-methacryloxy)ethyl isocyanate (MOI) in NMP using dibutyltin dilaulate as
a catalyst. Calix[6]arene acrylate 6a having poly(oxyethylene) spacer chain between la and
acrylate groups was also synthesized by the reaction of the poly(oxyethylene) modified la with
acrylic acid. Although the other calixarene (meth)acrylates 2a,b, 3a,b, 4a, and 5a,b were solid at
room temperature, calixarene acrylate 6a was liquid at room temperature.

All the structures of thus obtained calixarene (meth)acrylates were confirmed by IR and 'H-
NMR spectra. From this result, it was found that the reactions of calixarenes la,b with
(meth)acrylic acid derivatives proceeded smoothly and quantitatively to give the corresponding
polyfunctional (meth)acrylate derivatives. The initial decomposition temperature (IDT) of the
resulting calixarene (meth)acrylates was measured by the thermogravimetric analysis to evaluate
the thermal stability, and found that some of the IDTs of the calixarene acrylates were over 400 °C.
This means that calixarene (meth)acrylates have excellent thermal stability.

The photopolymerization of the resulting some calixarene (meth)acrylates with (2-
phenyoxy)ethyl acrylate as a reactive diluent in the presence of photoinitiator proceeded smoothly
upon irradiation with UV light. Therefore, polyfunctional (meth)acrylates with calixarene
backbone can be expected to be novel and thermally stable photoreactive acrylate oligomers.

Cationically polymerizable p-methylcalix[6]arene derivatives containing propargyl
ether (7a) and allyl ether (8a) were synthesized by the substitution reaction of potassium salt
of la with propargyl bromide and allyl bromide, respectively, using tetrabutylammonium
bromide (TBAB) as a phasetransfer catalyst (PTC). p-methylcalix[6]arene and p-tert-
butylcalix[8]arene derivatives containing 2-ethoxy vinyl ether (9a,c) were prepared by the
same reaction of sodium salts of la and /?-terf-butylcalix[8]arene (lc) with 2-chloroethyl
vinyl ether, respectively, using TBAB as a PTC. /?-methylcalix[6]arene derivative
containing 1-propenyl ether (10a) was synthesized by the isomerization of 8a using
potassium ter/-buthoxide as a catalyst.

/?-methylcalix[6]arene containing pendant hydroxyl groups and vinyl ether groups
(lla) was prepared by the addition reaction of la with glycidyl vinyl ether (GVA) using
TBAB as a catalyst.
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The structure of the synthesized cationically polymerizable calix[n]arene derivatives were
confirmed by IR and 'H-NMR spectra, and elemental analysis. From these results, it was found
that the reactions of calixarenes la,c with corresponding reagents proceeded very smoothly and
quantitatively to give the corresponding adducts under appropriate conditions. It was also found
that the prepared calix[n]arene derivatives containing cationically polymerizable groups such
as propargyl ether, allyl ether, vinyl ether, and 1-propenyl ether groups have good thermal
stability.
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The photochemical reactions of carixarene 7a, 9a, 9b, 10a, and l l a were examined
with certain photoacid generators in the film state. In this reaction system, when bis-[4-
(diphenylsulfonio)phenyl]sulfide bis(hexafluorophosphate) (DPSP) was used as the catalyst,
calixarene 9a containing ethoxy vinyl ether groups showed the highest reactivity. On the
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other hand, when 4-morpholino-2,5-dibuthoxybenzenediazonium hexafluorophosphate
(MDBZ) was used as the catalyst, calixarene 7a containing propargyl ether groups had the
highest reactivity.
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p-Methylcalix[6]arene, p-teAt-butylcalix[8]arene and calix[4]resorcinarene derivatives
containing oxetane groups (12a,c,d) were synthesized by the reaction of la, lc and Id with
(3-methyl-3-oxetanyl methoxy) tosylate (MOMT), which was prepared by the reaction of (3-
methyl-3-hydroxylmethyl) oxetane with p-toluenesulfonyl chloride, in NMP using TEA as a
base. p-Methylcalix[6]arene, /7-terr-butylcalix[8]arene and calix[4]resorcinarene derivatives
containing oxirane groups (13a,c,d) were also obtained by the reaction of la, lc and Id with
epibromohydrin (EBH) in NMP using Cs2CO3 as a base.
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The structure of the synthesized these calix[n]arene derivatives were confirmed by IR and
'H-NMR spectra, and elemental analysis. From these results, it was found that the reactions of
calixarene la,c,d with MOMT and EBH proceeded smoothly and quantitatively to give the targeted
adducts.
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It was also found that the obtained calixarenes containing oxetane groups or epoxide
groups have good thermal stability.

The photochemical reaction of calixarenes 12a, c, d containing oxetane groups were
examined with photoacid generator DPSP in the film state, and it was found that calixarene
12d showed higher reactivity than 12a and 12c. In calixarene derivatives containing epoxy
groups, 13d showed higher photochemical reactivity than 13a and 13c. However, rates of
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the photochemical reaction of calixarene derivatives (13a,c,d) containing epoxide groups
were slower than those of the corresponding calixarene derivatives (12a,c,d) containing
oxetane groups under the same irradiation conditions.

p-Methylcalix[6]arene, /?-tert-butylcalix[8]arene and calix[4]resorcinarene derivatives
containing spiro ortho ester groups (14a, c, d) were also synthesized" by the reaction of la,
lc and Id derivatives containing carboxyl groups with 2-bromoethyl-1,4,6-
trioxaspiro[4.4]nonane (BMTSN) using l,8-diazabicyclo[5.4.0]undecene-7 (DBU) as a base.
When the photochemical reaction of 14a, 14c, and 14d was examined with photoacid
generator DPSP in the film state, the reaction of spiro ortho ester groups in calixarenes did
not proceed. However, the reaction proceeded smoothly with high conversion by heating at
150 °C after 5 min irradaition.
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