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The study of polymers with complex chain architec-
ture will explore the role of chain topology on chemical
and physical properties. The development of a polym-
erization technique has provided various macromolecu-
lar architectures including dendrimers,! hyperbranched
polymers,? and star polymers.® The ring-shaped poly-
mer is one such macromolecular architecture.

A possible approach for a ring polymer includes a
bimolecular cyclization between a telechelic polymer and
difunctional compound. Macrocyclic polystyrenes have
been successfully prepared by the coupling reaction of
a two-ended living polystyryl anion with a difunctional
electrophile such as o,a’-dibromo-p-xylene,* a,a’-dichloro-
p-xylene,® and dichlorodimethylsilane® under high dilu-
tion. Another strategy for a ring polymer is an intramo-
lecular (unimolecular) cyclization of a linear o,w-
heterodifunctional polymer. Deffieux et al. prepared
a-styrenyl, w-acetal heterodifunctional poly(chloroethyl
vinyl ether) by the living polymerization technique and
carried out its ring-closure reaction in the presence of
a Lewis acid to obtain cyclic polymers.” They prepared
cyclic polystyrene by a similar method.8

We wish to report here the synthesis of cyclic poly-
styrene using a-carboxyl, w-amino heterodifunctional
polystyrene as a linear precursor.

The cyclic polystyrene 6 was prepared according to
Scheme 1. The a-carboxyl, w-amino heterodifunctional
polystyrene 5 was derived from a-diethyl acetal, w-ami-
no heterodifunctional polystyrene 1. To introduce the
a-acetal functionality, which can be easily converted into
a carboxyl group, the polymerization of styrene was
initiated with 3-lithiopropionaldehyde diethyl acetal® in
benzene in the presence of N,N,N',N'-tetramethyleth-
ylenediamine (TMEDA) at room temperature according
to the literature.® The molecular weight of the polymer
was designed to be around 2000, since the low molecular
weight simplifies the NMR analysis for the resulting
structure. The w-amino group was introduced by react-
ing the living polystyryllithium anion with 2,2,5,5-
tetramethyl-1-(3-bromopropyl)-1-aza-2,5-disilacyclopen-
tane as an aminating agent.’® In spite of the fact that
this amination procedure was not quantitative (92%),
it was possible to isolate pure amine-terminated poly-
styrene by chromatography. Quirk and Cheng reported
that the terminal amino group on the polystyrene
strongly interacts with SiO,.1? Figure 1a shows the 'H
NMR spectrum of 1. The peaks at4.2,3.5—3.2,and 1.0
ppm are assigned to methine, methylene, and methyl
protons of the head diethyl acetal moiety, respectively.
Since aminated polystyrene is difficult to characterize
directly by GPC,1° the molecular weight of the polymer
was determined from the peak area ratio of head diethyl
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Figure 1. 270-MHz 'H NMR spectra of (a) a-diethyl acetal,
w-aminopolystyrene 1 of M, = 2240, (b) a-diethyl acetal,
w-[(benzyloxycarbonyl)amino]polystyrene 2 of M, = 2360, and
(c) a-carboxyl, w-aminopolystyrene 5 of M, = 2170. Solvent:
CDCls.

acetal protons to aromatic protons. Before hydrolysis
of the a-diethyl acetal function, the w-amino group was
protected with benzyloxycarbonyl chloride to obtain 2.
The benzyl carbamate was reported to be stable under
acidic and oxidative conditions.12 Figure 1b shows the
IH NMR spectrum of 2. The amounts of a-diethyl acetal
and w-benzyl carbamate groups were estimated from
the peak areas of diethyl acetal and benzyl protons,
respectively. It was found that the ratio of acetal head
to carbamate end is 1.0, indicating the formation of a
well-defined heterodifunctional polymer. The hydrolysis
of the diethyl acetal moiety was carried out in THF
containing aqueous hydrochloric acid under reflux to
obtain 3. The oxidation of the aldehyde group was
carried out with m-chloroperbenzoic acid (MCPBA) in
dichloromethane at room temperature to obtain 4.
Finally, the benzyloxycarbonyl group was removed by
a conventional acidolysis reaction in glacial acetic acid
containing 30 wt % of hydrobromide at room tempera-
ture. The structure of the a-carboxyl, w-amino het-
erodifunctional polystyrene 5 was confirmed by its 'H
NMR spectrum, as shown in Figure 1c. The peaks at
7.3 and 5.1 ppm assignable to the benzyloxycarbonyl
group disappeared completely. The peak around 5 ppm
can be assigned to the protons of the terminal amino
group.

The intramolecular cyclization of 5 was carried out
in dichloromethane under reflux using 1-methyl-2-
chloropyridinium iodide!® as a coupling reagent. The
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Figure 2. 270-MHz *H NMR spectrum of cyclic polystyrene
6 of M, = 2150. Solvent: CDCls.

molecular weight of 5 was calculated from that of parent
polymer 1, assuming that the degree of polymerization
remains unchanged during the reactions. The end-to-
end ring closure is favored at low polymer concentra-
tions. We carried out the intramolecular cyclization at
a final a,w-heterodifunctional polystyrene concentration
of 1.4 x 1074 mol/L. The reaction products were passed
through a silica-gel column to obtain the cyclic polysty-
rene 6.

The 'H NMR spectrum of 6 is shown in Figure 2. The
peaks at 4.9 and 3.0 ppm are assigned to protons of the
amide group and methylene group adjacent to nitrogen,
respectively. The 13C NMR spectrum exhibited the
amide carbonyl carbon at 172 ppm. The IR spectrum
exhibited an absorption peak at 1643 cm~! assigned to
the amide group. The GPC curve of 6 is shown in
Figure 3 together with that of its parent polymer 2. The
molecular weight of 2 was found to be 2250 as a
polystyrene standard, which was close to the value
(2360) calculated from NMR. On the other hand, the
molecular weight of the cyclic polystyrene 6 (1790)
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Figure 3. GPC curves of linear a-diethyl acetal, w-[(benzyl-

oxycarbonyl)amino]polystyrene 2 (M, = 2360) and cyclic
polystyrene 6 (M,, = 2150).

obtained from GPC as a polystyrene standard was much
lower than the calculated (true) value (2150) based on
its parent polymer 1. The change of the elution volume
can be explained by the lower hydrodynamic volume of
the cyclic structure than that of the linear one.b It is
noteworthy that the obtained cyclic polystyrene 6
showed a unimodal peak without contamination of
higher molecular weight products. The reason for the
high purity of the cyclic product can be attributed to
the easy isolation by silica-gel column chromatography
because the linear chain-extended byproducts possess
a terminal amine functionality which interacts with
SiO;.

Further investigation is under progress to extend our
cyclic polystyrene to various architectures since the
amide moiety on the cyclic polymer chain is thought to
be a useful functional group for chemical modification.

Scheme 1. Synthesis of Cyclic Polystyrene
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