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1. INTRODUCTION

4-Membered cyclic ethers, oxetanes have high strain energy (107
lcJf mol} az 3-membered cyclic ethers, oxiranes, and the former ethers
hawve higher basicity than the latter ones  Furthermore,
ltnowmn that the cationic ring opening polymerization of oxatanes
proceeds’ wvery smoothly with suitable catalysts to afford the
corresponding poly(etherls.  The first commercial polymer from
oretane i3 poly[(3,3-bischloromethyloxetana] (PENTON & 3 from
Hercules, which was prepared by the ring-opening polymerization of
(3,3-bizchloromethyDoxetane (BCMO).  More than 10 years ago,
Crivelle et al reported® photoinitisted ecationic ring-opening
polymerization of oxetanes using certain photo-acid generators.  This
reaction system iz very important technology® for UV-ciring fleld,
becanse this reaction ayatem has good characteristic properties such as
high cuaring speed, good adhesion to substrates, and low volume
shrinlcage after UV-ouring compared with oxiranes.

Howewver, any other wsefil organic reaction of oxetans
compounds excepting the cationic ring-opening polym erization has not
been reported, although many useful organic reactions of oxiranes such
a3 cationic- and anionic ring-opening polymerizations, anionic
alternating ring-opening polymerization, and many ring-opening

it is well

addition reactions with certain reagents such az amines, carboxylic
acids, phenols, thiols, acyl halides, ailyl chlorides, phosphonyl chlorides,
active esters, aryl phosphonates, and aryl ailyl ethers have been reported,
and these reaction systems of oxiranes have been widely used in
industry.

From these baclorounds, about 15 years ago, I was interested in
developing new reactions of oxetanes, and suceassfiilly found*® certain
new rhg-opening addition reactions of oxetanes with acyl chlorides™®
active esters’, thio esters™, silyl chlorides™, and phosphonyl chlorides™,
These reactions can be applied to the polymer synthesiz We also
examined the development of firther new ring-opening addition
reactions of oxetanes with phenols’, thiols™, carbonylic acids™, and
phosphonic acids.  More recently, we succeedad'® in developing nowvel
anionic ring-opening polymerization of (3-hydrosymethyl)oxetanes
uging potassium  tert-butoxide and 18-crown-é-ether complex as a
catalyst and anionic ring-opening altemating copolymerization of
oxetanes’’ with cyelic dicarbowylic anhydrides nsing appropriate
quaternary onium salts as catalysts.
amoothly to give the corresponding adductz and polymers in high
wielda,

All these reactions proceed very

2. RESULTS AND DISCUSSION

The polyaddition of bis{oxetane)s with difacyl chloride)s
proceeded’ very smoothly at 90 °C to give the corresponding reactive
polyesters containing pendant chloromethyl groups using certain
quaternary oniwn salts ax catalysts (Scheme 1) The resulting
polyiester)a have been used ag starting polymers for the synthesis of
fimctional polymers. The polyaddition of bis(oxetans)s with difthio
aster)s proceaded'® very smoothly at higher temperamres than 150 °C
using appropriate catalyst such as tetraphenylphosphoniom bromide
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(TPPB) to produce high molecular weight polyesters The polyaddition
of bis(oxetane)s with difactive esterds of bis(phenolls produced
correzponding polyethers,

Polyadditions of bis(oxetane)s with difcarbostylic acidia® and
bigphenola® did not ocor under 110 °C at all. However, these
polvadditions proceeded smoothly at higher temperature than 150 °C.
This means that these reactions can be applied to new thermuo-setting
resin™® with a single-component at room temperanwe,  Further
advantaze of these reactions is that the produced primary hydroxy
groups do not react essentially with the oxetane groups under the
normal conditions employed.  This is unlike the reaction of epoxy
compounds with carboxylic acidz or phenols, and iz important in terms
of reaction control in the synthesis of linear polymers or modification of

reactive side chains.
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We algo prepared® hyperbranched polvesters with pendant
hydroxy groups by the polyaddition of A; monomers with B; monomers,
or by the self-polyadditions of AR, or 4, type monomers (Scheme ).
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The anionic alternating ring-opening copolymerization of
certain  oxetans monomers with cyclic carboxylic antpdrides
proceeded” amoothly at 130 °C nsing quaternary onium alts or crown
ether complexes as catalysta to form corresponding polyesters (Scheme
3), and it was found that the resulting polyester shows the hichest Afn
and yield, when the reaction iz performed with equivalent molar ratio of
oxetane and carboxylic anhydride.
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The anionic ring-opening polymerization of
{3-ethyl-3-hydroxymethyliostetane (EHO) proceeded™ at  higher

temperatires than 120 °C, and the vields and Mug of the polymers
It wag also found that the
obtained polymer [poly(EHOY] had one terminal oxetane group and

increased with reaction temperahires.

many pendant hydroxy groupa az shown in Scheme 4. Therefore, the
resulting poly(EHO) has been uszed az a starting maferial for the
gynthesiz of hyperbranched photo-curable poly{ether) containing
oroups  (poly(EHO-MA)Y and  alkaline
poly(ether) both containing terminal
methacryloyl groups and carboxyl groups (Scheme 4).

terminal methacryloyl
developable photo-cirable
The anionic
polymerization (BHO)  also
proceedad smoothly to give the corresponding poly(EHO) under the

of  3,3-bisthydroxymethylioxetane

same conditions,
d19-2 1

Furthermore, the resalting poly(EHC) has been use a3 a

starting material for the synthesia of peeudo-polydendron and
paeudo-dendrimer.

hawve alzo been uzed az starting materialsy for the synthesis of high

These paendo-polydendron and paeudo-dendrimer

performance photo-cirable polymers (Scheme 3.
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3. CONCLUTION

We succeeded the symthesiz of new finctional polymers and
oligomers by novel ring-opening addition reactions of oxetane
compourids. We also  examined the anionic ring-opening
polymerization of EHO and BHO, and successfully synthesized
colreaponding hyperbranched poly{ether)s containing one oxetanyl
oroup and many hydroxy groups in the end of polymer chains
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Furthermore, we successfully synthesized certain new photo-reactive
peeudo-dendrimers  and  psawdeo poly(dendron)s  containing many
terminal {methjacryloyl groups by the fluther chemical modification of
the reanlting poly(EHC).
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