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The design and synthesis ofg&tontaining polymers with awell- ~ Scheme 1. Synthetic Route of PMMA-Cqo

defined structure has been of great interest because of their possible CH, — CHs CHs
applications as advanced materialarieties of Go-bound mol- n CH=C - ls ! 7;; lc s—BuDPE{CHz—?-)ECHZ—%e Li
ecules have been incorporated into polymer backbones, pendants, c=o olene, = ¢=0 ¢2o
or the terminal groups as componettd Among them, the G- Ot-Bu Ot-Bu Ot-Bu
end-capped polymers are particularly interesting, because the FBuMA Living” polymer anion
hydrophobic Gy core self-assembles on a nanometer scale into the 1) Hydrolysis ;; ﬁgo
micelle or vesicle-like aggregates in polar solvéhtdowever, HCI, CH,OH

. . . CHagZR\, 2) Methylation CH3 R\,
previous studies of the ggend-capped polymers have mainly Oy Cg CH.| DBU T 560

. . s-BUDPE4CH,-C \‘55/ 3h s-BUDPE 4 CH,-C -\‘ e

focused on their syntheses, structures, and morphology of their A & < A s
aggregates in solution or in the solid. Living radical and anionic Sen Seau
polymerizations have often been used to produgge@d-capped PMMA-Cqy :

Mn = 115,000, Mw/Min = 1.14

polymers including polystyrefieand poly(methyl methacrylate)
mm = 98%, fego = 40%

(PMMA)® with a controlled molecular weight (MW), but stereo-
regular Gg-end-capped polymers with a narrow molecular weight
distribution (MWD) have not yet been prepared. Stereoregular
PMMAs are known to supramolecularly assemble into higher-order
structures, for instance, the double-stranded helices of isotagtic (
PMMAS and a stereocomplex of thie- and syndiotactic f)-
PMMAs.” Therefore, stereoregular PMMAs havingsCat the dual detectors in toluene. Figure 1 shows the SEC curves of the
controlled chain end combined with crystallization and stereocom- gptained PMMA-Go (b), together with those of the PMMA
plex formation will provide a new sophisticated self-assembly prepolymer (a). The PMMA showed a unimodal SEC curve detected
system, for constructing two- and three-dimensional arrangementsonly by Rl (M, = 118 000,M,/M, = 1.14), while the PMMA-Go
of the Gso molecules or clusters in polymer materials. having a chromophoric g unit at the terminal end exhibited similar
To this end, we report here the preparation and single-molecule SEC curves detected by both the Rl and UV; the MWD remained
observation of a high molecular weighg&end-capped, stereoreg-  unimodal and narrow\, = 115 000,M,/M, = 1.14), indicating
ular PMMA (PMMA-Cy) with a precisely controlled structure. The  that the reaction of the living polymer with ¢& proceeded
highly isotactic PMMA-Go (mm = 98%) with a narrow MWD bimolecularly without the formation of bisadduédfsHowever, the
was synthesized by the stereospecific anionic living polymerization f.g, value estimated by the absorption spectrum of the PMMA-C

| Dissolve in CH;OHITHF

Vﬁé

Formation of aggregates

Fractionation by SEC

Isolated PMMA-Cgq
feso ~ 100%

of a methacrylate followed by end-capping withsCAlthough the
functionality of G (fceg) Of the as-prepared isotactic PMMA was
imperfect (ca. 40%), the completelys@end-capped PMMAfEqo

on the basis of the molar absorptivity) (of a model compound
(MIB-Cg0)° of the polymer at 330 nm was rather low (ca. 40%),
probably due to the low reactivity of the living potyBuMA)

~ 100%) was successfully isolated through self-assembly of the enolate anion toward g at —78 °C (Supporting Information).

Cso-end-capped PMMA in a polar solvent by size exclusion

Cso-based amphiphilic derivativ€sand polymerswere found

chromatography (SEC) (Scheme 1). Furthermore, the individual to self-assemble in polar solvents due to their hydrophobic

PMMA chains together with the covalently bonded terming} C
molecules were clearly visualized by atomic force microscopy
(AFM), which definitely showed the structure of the isolated
PMMA-Cso.

tert-Butyl methacrylatettBuMA) was first living and anionically
polymerized with (1,1-diphenyl-3-methylpentyl)lithiura BUDPE-
Li) in toluene at—78 °C to give a high MW isotactic polymer
with a narrow MWD?8 After completion of the polymerization, a
solution of Gy in toluene was added to the mixture, yielding poly-
(t-BuMA)-Cgo, Which converted to PMMA-g; by hydrolysis of
the pendant esters, followed by complete methylation withyICH
in the presence of 1,8-diazabicyclo[5.4.0]-undec-7-ene (DBe
resulting polymer (PMMA-G) and its prepolymer (PMMA)
obtained by quenching the living polymer with g@BH were then
analyzed by SEC using refractive index (RI) and UV (330 nm)
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characteristics. We then used this peculiar feature to isolate the
monosubstituted g-bound PMMA via self-assembly. Regardless
of the high molecular weight of the PMMA<gof more than 16)

we found that the PMMA-g, self-aggregated into clusters in a
CHsOH/tetrahydrofuran (THF) (3/7, v/v) mixture. The aggregation
process was time-dependent and required a rather long time in the
solvent mixture (Supporting Information). Figure 1e shows the RI
and UV detected SEC curves of the PMMAgGolution after the
sample had been allowed to stand for 96 h. The apparent MWs
detected by the Rl and UV shifted toward extremely high MWs
on the order 18-108, and the shift in the UV trace was significant.
These results indicate that the PMMAyGelf-aggregates into large
clusters with Go as the core and the polymer chain as the sHéll,
while the unreacted PMMA exists as individual polymer chains,
because the PMMA prepolymer showed no aggregation under the

10.1021/ja052166b CCC: $30.25 © 2005 American Chemical Society
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Eluent: toluene CH,OH/THF (3/7, v/v) the structure of the PMMA-§. Moreover, the AFM studies indicate
: /1/_' ! ! that Go molecules attached at the polymer end may be used as a
PMMA . .
#in = 118,000 O S novel label of the polymer chains for the AFM observations.
-------------------- uv J/\\_@ In summary, we have synthesized and characterized a high MW
RI and stereoregular vinyl polymer with a narrow MWD having the

Mil\il\ﬁfg&o Q * one Gy unit at the chain end. Although the functionality of,C
fce0=40’% Q § was low, the completely &-end-capped polymers as clearly
. visualized by AFM can be obtained by self-assembly of the C
units, which offers a useful method to purify thes@€ontaining
. —— polymers. Thdat-PMMA-Cg obtained in the present study may be
10 9| 8 7 6 5A 4 3 used as an interesting component to construct the supramolecular
og MW (PMMA) assemblies witstPMMA-Cgo, which may produce two- and three-
Fractionation dimensional arrangements of the individuab &olecules or self-
- ., o assembled clusters that will be applicable to the electrooptic

& 7 6 5 4 3 materialst This work is now in progress.
log MW (PMMA)
Figure 1. RI (solid line) and UV (330 nm, dotted red line) detected SEC Supporting Information Available: Experimental details, a po-
curves of PMMA (a, d) and PMMA-g before ceo = 40%) (b, €) and lymerization table!H NMR and UV-vis spectra of PMMA-G, and
after fceo ~ 100%) (c) purification by SEC fractionation using toluene  \|B-Cg, time-dependent SEC changes of PMMAg® CH;OH/THF
(a—c) and CHOH/THF (3£]7' viv) (dI’ e)r?s the eluerlllt. The SEC curves (d, (73 ) and HO/THF (1/9, viv), DLS measurement results, 47
e) were obtained after the samples had been allowed to stand at roomNNIR spectra of low MW PMMA and PMMA-G,, This material is

temperature for 96 h. The fraction marked by brackets in (e) was collected ; .
and then injected into the SEC system (c). available free of charge via the Internet at http:/pubs.acs.org.
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