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New Telechelic Polymers and Sequential Copolymers
by Polyfunctional Initiator-Transfer Agents (Inifers)

8. The Effects of Polymerization Conditions on the Functionality
of Telechelic Polyisobutylenes

Victor S.C. Chang, Joseph P. Kennedy and Béla Ivan*
Institute of Polymer Science, The University of Akron, Akron, Chio 44325, USA

Summary
The possibility of undesirable intramolecular

cycloalkylation exists in the polymerization of iso-
butylene induced by the p-dicumyl chloride/BCl, inifer
system. A scheme has been proposed which shows the
sequence of reactions leading to indane skeletons.
The structure of the indane derivatives has been char-
acterized by !'H NMR spectroscopy. Systematic experi-
ments have been carried out using low isobutylene and
high p~dicumyl chloride concentrations leading to
polyisobutylene oligomers needed for accurate endgroup
analysis. The effect of temperature, solvent compo-
sition (polar/nonpolar), isobutylene and BCl, concen-
tration on the extent of indane skeleton formation has
been investigated. Indane skeleton formation can be
completely suppressed by the use of relatively non-
polar media, e.g., l:1 mixture of CH,Cl, :n-C¢H;,, at
or below -40°C, and conditions under which symmetrical
telechelic polyisobutylenes can be obtained have been
defined.
Introduction

The synthesis by the inifer technigque of a new
telechelic polyisobutylene carrying two tertiary chlo-
rine termini, Cl-PIB-Cl, has recently been accomplished
(KENNEDY, SMITH 1980). Mechanism studies have revealed
the existence of an undesirable side reaction, intra-
molecular cyclization, giving rise to a five-membered
condensed ring system (indane skeleton) at the start
of the polymer chain (CHANG 1980) :
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According to model experiments (CHANG, KENNEDY 1980) a
second indane ring may also form. These side-reac-
tions are unacceptable in the synthesis of terminally
symmetrical bifunctional polyisobutylenes (IVAN, KEN-
NEDY 1980) .

This paper concerns an exploration of the mech-
anism of indane-skeleton formation during isobutylene
polymerization by the p-dicumyl chloride/BCl, inifer
system, in particular the definition of experimental
conditions under which this side reaction could be
avoided. 1In particular, the effects of temperature and
solvent polarity on intramolecular cyclization have
been investigated using very low monomer concentra-
tions to insure the formation of low molecular weight
polyisobutylenes suitable for endgroup analysis by 'H
NMR spectroscopy.

Experimental

The source and purification of materials has been
described (KENNEDY, SMITH 1980) . The p-dicumyl chlo-
ride, pDCC, was thoroughly purified by several recry-
stallizations from n-hexane; Mp 71°. Polymerizations
were carried out in culture tubes in a stainless steel
enclosure under dry nitrogen and were terminated by
adding prechilled methanol. The products were washed
with dilute agueous HCl, and distilled water, dried
with anhydrous MgSO, and recovered by removing the
solvent. !H NMR spectra were obtained on a Varian
T-60 instrument, using 5-10% solutions in CCl, .

The relative amounts of aromatic structures I,
ITI, and III in Table I have been determined by inte-
grating the 6.5 ~ 7.3 ppm region and calculating the
relative areas of resonances centered at 6.62, 6.95 and
7.20 ppm by taking into consideration that these reso-
nances, respectively, represent 2, 3 and 4 aromatic
protons per molecule (CHANG, KENNEDY 1980) .
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Results and Discussion

TH NMR analysis of several liquid telechelic Cl-
PIB-Cl samples (Mp = 3500-4500) showed the existence of
a small broad resonance centered at 6.95 ppm, close to
the sharp singlet at 7.15 ppm associated with the four
aromatic protons of the inifer fragment (see Figure 1).
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Figure 1. !H NMR Spectrum of CL-PIB-Cl Obtained by the pDCC/BCl,
Inifer System in CH,cl, {ppcc) =2.0 x 107%M, [i-C,H,] =
0.5M, {BCl,] = 6.0 x 107>M, Temperature = -50°

Comparison of this spectrum with those of two new
model compounds, p-bis(3-chloro-1,1,3-trimethylbutyl)
benzene and 1,1,3,3,5,5,7,7-octamethyl-s-hydrindacene,
which show aromatic proton resonances at 7.20 and

6.62 ppm respectively and whose first synthesis and
characterization has been described separately (CHANG,
KENNEDY 1980) led to the assignment of the small reso-
nance at 6.95 ppm to the aromatic proton resonances of

an indane endgroup: H H

Cl ~n~PIB~~A

Scheme I shows the sequence of reactions leading
to indane~skeletons by intramolecular cycloalkylation.
Inspection of atomic models suggests that ring-closure
would encounter little steric interdiction. The mech-
anism of cycloalkylation during the first addition
step of this pDCC-induced isobutylene polymerization
and that occurring during chain transfer to monomer in
cationic a-methylstyrene polymerization (DAINTON,
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Scheme I

Polymerization of Isobutylene Induced
by the pDCC/BCl, Inifer System
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TOMLINSON 1953; LENZ et al. 1973) are fundamentally
similar. Related intramolecular cycloalkylations have
also been proposed in a variety of other systems
(BERTOLI, PLESCH 1968; HIGASHIMURA et al. 1979; WOL-
OVSKY, MAOZ 1973).

The Effect of Reaction Conditions on iIndane Formation

To gain reliable information how to avoid cyclo-
alkylation during isobutylene polymerization by the
PDCC/BCl; inifer system, a series of polymerizations
have been carried out in the presence of relatively
low monomer and high pDCC concentrations. Under these
conditions relatively low molecular weight products
(Mp < 450) facilitating endgroup analysis by 'H NMR
spectroscopy are obtained. Table I shows the con-
ditions employed and the relative amounts of the three
aromatic structures I, II, and III in Scheme 1 calcu-
lated from the raw data shown in Figure 2.
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Figure 2. Aromatic Proton Resonances of Products I,
IT and III shown in Scheme I. Respective
Rescnances: I & = 7.15 ppm; II 6.95 ppm;
IIT 6.62 ppm
Among the four parameters studied the effect of
temperature and solvent composition are decisive for
cycloalkylation: decreasing the temperature and/or
the polarity of the medium increases the relative
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amount of the desirable product and suppresses indane-
skeleton formation. Indeed, cycloalkylation can be
avoided at or below -40° by the use of a relatively
weakly polar (1l:1 CH,Cl, :n-CyH,,) medium (Expts. 1-3).
In contrast, cycloalkylation cannot be completely fro-
zen out in pure CH,Cl, even at -80°C. In a medium of
intermediate polarity (3:1 CH,Cl, :n-C¢H,,) indane for-
mation can be largely but not completely eliminated by
cooling to -80°C (Expts. 4-6). The combined effects
of temperature and solvent composition on I content is
shown in Figure 3. Compared to these effects, the in-
fluence of [i-C,Hg; ] and [BCl, ] on indane content are
modest (Expts. 10-12 and 13-15, respectively).
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Figure 3. The Effect of Temperature on the Relative
Amount of Structure I at Variocus Solvent
compositions

The main purpose of this research was to define
conditions under which perfectly bifunctional (Fh =
2.0) telechelic PIB's can be obtained and cycloalky-
lation can be avoided in the pDCC/BCl; /i-C,H; system.
In the presence of low [i-C,H; ] and high [ppcc] the
rate of cycloalkylation is favored; the fact that we
were able to suppress this reaction under these "model"
conditions, gives us great confidence that indane-
skeleton formation can be readily avoided in the pre-
sence of high [i-C,Hs ] and low [pDcc]l, i.e., under
true polymerization conditions. These expectations
have indeed been routinely corroborated in our con-
tinuing investigations.
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