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Precise, efficient synthesis of functionalized polyolefins by
controlled polymerization attracts considerable attentiarwo
strategies, (i) direct copolymerization with (protected) polar
monomer&2-6 and (i) post-polymerization modificatioft? 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 struct&ifealthough recent
progresses in coordinatidh34 radicaP polymerization, and oth-
er$89offer new possibilities. Controlled incorporation of a reactive
moiety that introduces functionalities through chemical modific&tion

mail: nomurak@ms.naist.jp

Scheme 1

X = 74-292%

Table 1. 1,7-Octadiene (OD) Polymerization and
Copolymerization of OD with 1-Octene (OC) by
Cp*TiCly(0-2,6-Pr,CeHs) (1), CpTiCl2(N=CBuy) (2) -MAO Catalyst
Systems?@

. . ’ et . . catalyst  OD/OC/hexane  yield Me double
by incorporation of dienes containing (poorly reactive) internal or run  (umol) mL mg TON®  x10™ M/MS  bond (%)’
strained olefinic double bonds has al_so been considered as the t!’lll’(] 1 1(03) 15.00-- 160 1840 763 186 92
approach. We thus focused on this approach especially using 2 1(0.3) 15.0/-/- 160 4840 664 1.89 (98)
nonconjugated dien®¥,although most of previous catalysts favor 3 1(0.1)  15.0/-/- 120 10900 811 1.63 88
cyclopolymerizatiori!12 This is because that the promising pos- 4 1(0.1) 10.0//5.0 104 ~ 9400 61.2 1.66 82

ibilities of incorporation of terminal olefinic double bond can be 2 1@ 7575 221 2060 378 200 8
sl p _ : 6 1(0.1) 7.5/-75 66.4 6030 465 169 82
expected from the previous resulfs:® We herein present that a 7 1(1.0) 5.0/-/10.0 79 720 17.4 189 74
facile introduction of polar functionalities under mild conditions 8 2(0.1)  15.0/-/- 39.0 3540 651 1.7 >95
has been achieved via controlled incorporation of terminal olefins 9 2(0-1)  15.0/-/- 39.0 3540 656 1.76>95(84F
by exclusive repeated insertion of 1,7-octadiene (OD) in OD 10 1(0.3) 05145 218 6480 42.6 163 52

y o P X ’ 11 1(0.3) 1.0/14.0/- 256 7620 436 167 117
polymerization by a half-titanocend)((Scheme 1). 12 1(0.3) 5.0/10.0- 268 8010 56.0 177 37.3

Cp*TiCly(0-2,6'Pr,CsH3) (1, Cp* = CsMes) was chosen, not 13 1(1.2) 0.5/59.5/- 1043 7750 434 152 1.6

only becausd favored repeated insertion rather than cyclization
in 1,5-hexadiene polymerization affording polymers containing
terminal olefins with uniform compositiori8,but also becausg

a8 Reaction conditions: catalyst in toluene (1.0 mL), MAO 2.0 (runs 3,
4,6,8,9),3.0 (runs 1, 2, ¥212), 5.0 (runs 5, 7) or 8.0 (run 13) mmol, 20
min (runs 3, 4,6, 8, 30 min) at 2Z&. ® Monomer consumed (mmol)/mmol-

demonstrated unique characteristics especially for some ethyleneTi. ¢ GPC data in THF vs polystyrene standartiercentage of hexenyl

copolymerization$*15>CpTiClL(N=C'Bu,) (2) was also chosen for
comparison, becaus2 showed notable catalytic activities for
1-hexene polymerization and ethylene/1-hexene copolymeriZétion.
The results are summarized in Tablé”1.

Note that the OD polymerization HyMAO catalyst proceeded
with favored repeated insertion (without cross-linking), affording
high molecular weight polymers with unimodal molecular weight
distributions (runs 43). The integration ratio of protons in the

group based on OD insertion estimated’8@ NMR spectra¢ Estimated
by IH NMR spectraf OD content (mol %) estimated 344 NMR spectra.

Cp*TiCl(N=C'Bu,) was also employed, but the resultant polymers
were insoluble, suggesting that certain degree of cross-linking
accompanied under these conditidh$he results suggest that both
Cp and the anionic ligand affect the selectivity.
Copolymerizations of OD with 1-octene (OC) lWMAO catalyst
afforded high molecular weight copolymers with uniform molecular

terminal olefins (assigned as g,h in Figure 1a) versus those in theweight distributions (runs 1913). The OD contents (degree of

aliphatic region (ae) assumed that the polymerization occurred
with an exclusive OD repeated insertion. The selectivity was better
estimated by thel3C NMR spectrum (Figure 18Y, and all
resonances were identified Bi-, 13C NMR (dept) spectra and
the 13C NMR spectrum after hydrogenatidhThe selectivity of

hexenyl group) estimated 44 NMR spectra could be varied by
the OD/OC feed ratié’ The resultant copolymers were treated with
9-BBN and then NaOH/bD, (aq) to afford poly OC-co-(7-octen-
1-ol)} exclusively (98.9%) without decrease/increase in lhe
values!’ The OH group in the copolymers were further treated with

the repeated insertion (percentage of the double bond, hexenylAlEt; and were then addedcaprolactone (CL) to afford the graft

group, based on the OD insertion) was affected by the OD

copolymers, polfOC-co-(7-octan-1-gj-graft-poly(CL), via Al-

concentration employed, but the selectivity was high even under alkoxide initiated ring-opening polymerization (ROP, Scheme 2).
low OD concentration (run 7, OD 2.12 M, 74%); the fact should The M, values increased at longer reaction hours with keeping
be a promising contrast to those observed by certain metallocenesunimodal distributions, because the ROP occurred in a living
which favored cyclization under similar conditiotst® The po- manner’ The resultant copolymers were identified ¥, 13C (dept)
lymerization by2 also showed high selectivity of the repeated OD NMR spectra, and dsc thermograms.

insertion, but the reaction stopped only at the initial stage although ~We have shown that the OD polymerization BWAO catalyst

the reason is not clear at this moment. The reaction with proceeds with notable selectivity of repeated OD insertion, affording

14170 = J. AM. CHEM. SOC. 2007, 129, 14170—14171 10.1021/ja076633w CCC: $37.00 © 2007 American Chemical Society



COMMUNICATIONS

a)

T T T T T T T T T T T T T T T T T T T T T T T 7T

150 125 100 75 50 25

Figure 1. 'H NMR (a, run 2) and*C NMR (b, run 1) spectra for poly-
(OD)s prepared byl-MAO catalyst (in CDC4, 25 °C).

Scheme 2
1) 9-BBN
= ,= cat. 1 (65°C,3h)
MAO 1 2) NaOH/ Tx
30% H,0, aq.
(40°C,3h)
poly(OC-co-OD)
ly{OC-co-
/ M, = 43.4x10* ?ﬁgc{:ten-g?ol)}
MM, =152

OH

M, = 55.7x10%, M,/M, = 1.60 (after 2 h)
M, = 62.8x10%, M,/M, = 1.54 (after 4 h)
M, = 61.6x10%, M,/M, = 1.61 (after 4 h)*
M, = 66.8x10%, My/M, = 1.52 (after 6 h)

1) AlEty
(50 °C, 2 h)

'O,
80°C

*for reproducibility
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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
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(ethyleneeo-OC-0-OD)s}® the approach here should present a
promising possibility for preparation of functionalized polyolefins
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11578. (b) Postpolymerization of VTM fragment in the poly(HD)s and
copolymers with ethylene/propylene by cross metathesis, Mathers, R. T;
Coates, G. WChem. Commur2004 422.

(14) Review, Nomura, K.; Liu, J.; Padmanabhan, S.; Kitiyanan,J.BMol.
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(integration of region a, 1,8 and 2,7 carbons) was suitable in terms of
. . . . reproducibility. All resonances were assigned according to the previous
Supporting Information Available: General experimental proce- reports, and th&C NMR (dept) spectra were assigned after hydrogenation.
dures, additional polymerization resuftsi, 13C NMR spectra, and dsc These are also shown in the Supporting Information.
thermograms for poly(OD)s, poly(Obe-OC)s, and polymers after as
functionalization; NMR spectra for poly(ethyleme-OC-co-OD)s and

The resultant poly(OD)s were soluble in CQlowever, on the basis of
the facts in HD polymerizatiotf, the polymer may become insoluble upon
their microstructure analysis. This material is available free of charge
via the Internet at http://pubs.acs.org.
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increasing the catalyst concentration and/or longer reaction time due to
the subsequent cross-linking accompanied partially. Low OD conversion
seems to be thus important to control the degree of cross-linking.

(19) Activity 29400-102600 kg-polymer/(mol-Fh), M, = (9.7—19.6) x 10%,
Mw/M, = 1.87-2.12 (1, 0.02-0.03umol, ethylene 6-8 atm, OD+ OC,
10 or 15mL in toluene at 25C). More details are shown in the Supporting
Information.
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