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Since Natta synthesized isotactic polypropene,! ste-
reocontrol has been one of the most important technolo-
gies in polymer synthesis.?2 Efforts have been devoted
not only to tacticity control but also to chirality control
when chirotopic centers are included in the main chain.
Optically active polymers are commonly produced either
by polymerization of chiral monomers or by asymmetric
polymerization of achiral monomers.3 An example of the
former approach is the polymerization of the chiral
allene 1, affording a helical polymer, 2 (Scheme 1), as
reported by Porri.# However, no method is available for
polymerizing a chiral monomer that would add one more
methylene to the repeating unit, e.g., the ring-opening
polymerization of optically active methylenecyclopro-
pane 3 to polymer 4.5 As an alternative route to the
chiral polymer 4, we now report the methylenation of
an optically active polyketone 5, which is easily avail-
able by asymmetric polymerization of the achiral mono-
mers, propene and carbon monoxide.5~8 Almost complete
conversion has been performed in spite of the fact that
polymer reactions often suffer from retarded reactivity
and impossible separation of the unreacted moieties
from the products. Because the methylenation takes
place without losing the enantiopurity of the chirotopic
carbons of 5, the present study should provide a route
to a new class of optically active hydrocarbon polymers
4 that cannot be prepared by any other means.®

The polyketone 5 (M, = 19500, M,,/M,, = 1.38, [0]p?®
—56.6°) was prepared via the asymmetric alternating
copolymerization of propene and carbon monoxide ac-
cording to our previous report.® Although many prece-
dents appeared for the functionalization of the carbonyl
groups of a polyketone, mainly poly(ethene-co-CO), no
example has ever been reported for the methylenation.1©
First, we treated 5 with 1.5 equiv of the Tebbe reagent
(1-dicyclopentadienyl-u-chloro-u-methylene-2-dimethyl-
2-aluminum-1-titanium, Cp,Ti(u-Cl)(u-CH2)(AlMe,) at
23 °C for 16 h (eq 1).1112 After workup with aqueous
NaOH and removal of the inorganic residues by filtra-
tion, a polymer 4 that contains both the methylene and
ketone moieties was obtained. The methylene/ketone
(=xly) ratio was determined to be 76/24 by 1H NMR
analysis. Polymer 4 thus obtained was again treated
with the Tebbe reagent (5 equiv to carbonyl) to improve
the x/y ratio up to 97/3. The crude product was contami-
nated by organic residues from the Tebbe reagent and
was therefore purified by silica gel column chromatog-
raphy and then by size exclusion chromatography.
Polymer 4 was obtained in its pure form in 28% overall
isolated yield from polyketone 5.
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Next, we employed another methylenation reagent,
the combination of CH»(Znl), and low valent titanium
species TiCl, (n = 2 or 3)131415 (eq 2). According to the
literature method,’® a dichloromethane solution of
polyketone 5 was added to a suspension of bis(iodozin-
cio)methane (CHaz(Znl),) and TiCl, in THF. The reaction
was quenched with aqueous HCI, and the polymer was
extracted with chloroform. The polymer 4 (x/ly = 96/4)
was obtained in its pure form in 78% isolated yield by
reprecipitation from chloroform into methanol. Thus,
under these conditions, the reaction reached syntheti-
cally satisfactory levels of yield and purity.

The high stereoregularity of the polymer 4 was
confirmed by comparing its 3C NMR spectrum with
that of atactic polymer 7. An atactic and exclusively
head-to-tail polyketone 6 was prepared using a Pd(Il)
complex of 1,2-bis(dicyclohexylphosphino)ethane’ and
was then repeatedly treated with the Tebbe reagent to
afford an atactic methylenated polymer 7 (x/y = 98/2)
in 73% yield (eq 3). Figure 1 shows the 13C NMR signals
due to the sp? carbons in the main chain. Each of the
four partial spectra corresponds to the isotactic poly-
ketone 5 (a), its methylenated product 4 with CH»-
(Zn1),—TiCl, (b), the atactic polyketone 6 (c), and its
methylenated product 7 (d).16 The sharp peak at 153.3
ppm observed with polymer 4 in Figure 1(b) is assigned
to a like (S,S or R,R) diad, and the other peaks around
152.9—-153.2 ppm in Figure 1(d) are due to an unlike
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Figure 1. Partial 13C NMR spectra for the sp? carbons in the
main chain of (a) isotactic polyketone 5, (b) isotactic 4 obtained
with CHz(Znl).—TiCl,, (c) atactic polyketone 6, and (d) atactic
7. The peaks at 153.3 ppm in parts b and d are assigned to a
like (S,S or R,R) diad, and the other peaks around 152.9—
153.2 ppm in part d are due to an unlike (S,R or R,S) diad or
a —C(=CHp,)— group neighboring on a carbonyl group. The
peak at 153.3 ppm contains over 85% of all the peak areas in
part b.

(S,R or R,S) diad or a —C(=CH;)— group neighboring
on a carbonyl group. The fact that the peak at 153.3
ppm contains over 85% of the total peak area in Figure
1b indicates that polymer 4 is highly isotactic. This
agrees well with the reports that no epimerization was
observed during methylenation with CH»(Znl),—TiCl, 13
or the Tebbe reagent.!’

The chiral polymer 4 (x/y = 96/4) obtained with CH,-
(Znl),—TiCl, exhibited a specific rotation of [a]p?®> —15.7
(c 0.99 in CHCI3). This value may be compared to the
rotation value [a]p +13.29 of (S)-(+)-2,3-dimethylpent-
1-ene.!® The opposite sign for the same S-isomers might
be attributed to the existence of neighboring C=C
double bonds in polymer 4. Polymer 4 is soluble in
chloroform, dichloromethane, THF and diethyl ether
when the polymer is contaminated with a trace amount
of THF, while the polyallene 2 prepared from the
monomer with 31% optical purity is reportedly insoluble
in most common organic solvents.*

In conclusion, treatment of optically pure a-methyl-
y-polyketone 5 with the CH,(zZnl),—TiCl, reagent pro-
duced the methylenated polymer 4 in 78% isolated yield
and in a ratio of methylene/carbonyl = 96/4. No epimer-
ization took place under these reaction conditions. Thus,
a new route was established for preparing of a novel
optically active hydrocarbon polymer with main-chain
chirality. The present study also shows that the modern
tools of “organometallic chemistry oriented to organic
synthesis”, the CH, dianion species in this case, is now
applicable to the modification of macromolecules with
molecular weights near 20 000.
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