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Precise, efficient synthesis of functionalized polyolefins by
controlled polymerization attracts considerable attention.1 Two
strategies, (i) direct copolymerization with (protected) polar
monomers1b,2-6 and (ii) post-polymerization modification,7-9 are
commonly employed. However, these approaches often face dif-
ficulties owing to the catalyst poisoning, and interaction of the
centered metal with the functional groups and/or only limited
chemistry like a free radical grafting reaction is available to activate
the saturated aliphatic molecular structure,2,7 although recent
progresses in coordination,1b,3,4 radical5 polymerization, and oth-
ers6,8,9offer new possibilities. Controlled incorporation of a reactive
moiety that introduces functionalities through chemical modification1a

by incorporation of dienes containing (poorly reactive) internal or
strained olefinic double bonds has also been considered as the third
approach. We thus focused on this approach especially using
nonconjugated diene,10 although most of previous catalysts favor
cyclopolymerization.11,12 This is because that the promising pos-
sibilities of incorporation of terminal olefinic double bond can be
expected from the previous results.10,13 We herein present that a
facile introduction of polar functionalities under mild conditions
has been achieved via controlled incorporation of terminal olefins
by exclusive repeated insertion of 1,7-octadiene (OD) in OD
polymerization by a half-titanocene (1) (Scheme 1).

Cp*TiCl2(O-2,6-iPr2C6H3) (1, Cp* ) C5Me5) was chosen, not
only because1 favored repeated insertion rather than cyclization
in 1,5-hexadiene polymerization affording polymers containing
terminal olefins with uniform compositions,10 but also because1
demonstrated unique characteristics especially for some ethylene
copolymerizations.14,15CpTiCl2(NdCtBu2) (2) was also chosen for
comparison, because2 showed notable catalytic activities for
1-hexene polymerization and ethylene/1-hexene copolymerization.16

The results are summarized in Table 1.17

Note that the OD polymerization by1-MAO catalyst proceeded
with favored repeated insertion (without cross-linking), affording
high molecular weight polymers with unimodal molecular weight
distributions (runs 1-3). The integration ratio of protons in the
terminal olefins (assigned as g,h in Figure 1a) versus those in the
aliphatic region (a-e) assumed that the polymerization occurred
with an exclusive OD repeated insertion. The selectivity was better
estimated by the13C NMR spectrum (Figure 1b),17 and all
resonances were identified by1H-, 13C NMR (dept) spectra and
the 13C NMR spectrum after hydrogenation.17 The selectivity of
the repeated insertion (percentage of the double bond, hexenyl
group, based on the OD insertion) was affected by the OD
concentration employed, but the selectivity was high even under
low OD concentration (run 7, OD 2.12 M, 74%); the fact should
be a promising contrast to those observed by certain metallocenes
which favored cyclization under similar conditions.12,18 The po-
lymerization by2 also showed high selectivity of the repeated OD
insertion, but the reaction stopped only at the initial stage although
the reason is not clear at this moment. The reaction with

Cp*TiCl2(NdCtBu2) was also employed, but the resultant polymers
were insoluble, suggesting that certain degree of cross-linking
accompanied under these conditions.17 The results suggest that both
Cp′ and the anionic ligand affect the selectivity.

Copolymerizations of OD with 1-octene (OC) by1-MAO catalyst
afforded high molecular weight copolymers with uniform molecular
weight distributions (runs 10-13). The OD contents (degree of
hexenyl group) estimated by1H NMR spectra could be varied by
the OD/OC feed ratio.17 The resultant copolymers were treated with
9-BBN and then NaOH/H2O2 (aq) to afford poly{OC-co-(7-octen-
1-ol)} exclusively (98.9%) without decrease/increase in theMn

values.17 The OH group in the copolymers were further treated with
AlEt3 and were then addedε-caprolactone (CL) to afford the graft
copolymers, poly{OC-co-(7-octan-1-ol}-graft-poly(CL), via Al-
alkoxide initiated ring-opening polymerization (ROP, Scheme 2).
The Mn values increased at longer reaction hours with keeping
unimodal distributions, because the ROP occurred in a living
manner.17 The resultant copolymers were identified by1H, 13C (dept)
NMR spectra, and dsc thermograms.

We have shown that the OD polymerization by1-MAO catalyst
proceeds with notable selectivity of repeated OD insertion, affording

Scheme 1

Table 1. 1,7-Octadiene (OD) Polymerization and
Copolymerization of OD with 1-Octene (OC) by
Cp*TiCl2(O-2,6-iPr2C6H3) (1), CpTiCl2(NdCtBu2) (2) -MAO Catalyst
Systemsa

run
catalyst
(µmol)

OD/OC/hexane
mL

yield
mg TONb

Mn
c

× 10-4 Mw/Mn
c

double
bond (%)d

1 1 (0.3) 15.0/-/- 160 4840 76.3 1.86 92
2 1 (0.3) 15.0/-/- 160 4840 66.4 1.89 (98)e

3 1 (0.1) 15.0/-/- 120 10900 81.1 1.63 88
4 1 (0.1) 10.0/-/5.0 104 9400 61.2 1.66 82
5 1 (1.0) 7.5/-/7.5 227 2060 37.8 2.00 85
6 1 (0.1) 7.5/-/7.5 66.4 6030 46.5 1.69 82
7 1 (1.0) 5.0/-/10.0 79 720 17.4 1.89 74
8 2 (0.1) 15.0/-/- 39.0 3540 65.1 1.7 >95
9 2 (0.1) 15.0/-/- 39.0 3540 65.6 1.76 >95 (84)e

10 1 (0.3) 0.5/14.5/- 218 6480 42.6 1.63 5.2f

11 1 (0.3) 1.0/14.0/- 256 7620 43.6 1.67 11.7f

12 1 (0.3) 5.0/10.0/- 268 8010 56.0 1.77 37.3f

13 1 (1.2) 0.5/59.5/- 1043 7750 43.4 1.52 1.6f

a Reaction conditions: catalyst in toluene (1.0 mL), MAO 2.0 (runs 3,
4, 6, 8, 9), 3.0 (runs 1, 2, 10-12), 5.0 (runs 5, 7) or 8.0 (run 13) mmol, 20
min (runs 3, 4 ,6, 8, 30 min) at 25°C. b Monomer consumed (mmol)/mmol-
Ti. c GPC data in THF vs polystyrene standards.d Percentage of hexenyl
group based on OD insertion estimated by13C NMR spectra.e Estimated
by 1H NMR spectra.f OD content (mol %) estimated by1H NMR spectra.
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polymers containing terminal olefinic double bonds in the side
chain. Introduction of polar functionality under mild conditions has
thus been achieved by adopting this approach. The remarkable
selectivity in this catalysis would also be applied for introduction
of terminal olefins in organic synthesis, which would introduce
various functionalities. Since we also succeeded in synthesis of poly-
(ethylene-co-OC-co-OD)s,19 the approach here should present a
promising possibility for preparation of functionalized polyolefins
under mild conditions.
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Figure 1. 1H NMR (a, run 2) and13C NMR (b, run 1) spectra for poly-
(OD)s prepared by1-MAO catalyst (in CDCl3, 25 °C).

Scheme 2

C O M M U N I C A T I O N S

J. AM. CHEM. SOC. 9 VOL. 129, NO. 46, 2007 14171


