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The increasing interest in polymer architectures with defined RO. [
structures and low polydispersities arises from their applications 8 oY@ - EZL 1;5@
in drug delivery, catalysis, and advanced matefials this regard, ><5\’° o o\/@ og" *o ” .. .
major advances have been made in preparing a wide range of ‘f? "*"‘@"* ".",:Na Qﬁr‘”{@’[
polymers by living/controlled polymerization methods. The pro- o 5 o e, 0 o~ "':T:E o
. . —— 1] wiyy! 1
grammed self-assembly of hydrogen-bonding modules provides an Y iHﬁ i“-uf'rﬁ E{L »\:5 L 6
alternative, bottom-up approach to complex polymeric structures NN TETETNTNTNTN ety oy(,(\ ?j
but has received much less attentfon. Bis-DeAP j,@,.,i,.,fufuj g P
A recent example of the bottom-up approach involved the ditopic 0 x 1 :Y."-.Ks gt
hydrogen-bonding module, Bis-DeAP, which is capable of forming SE RR ’i”)(s, (\’Eg"'“ ? o

cyclic assemblies, including the hexamer shown (Figure 1). An 1 2 8

analogue ofl and related modules were reported to assemble Figure 1. Ditopic hydrogen-bonding moduldsand2 and hexamer they
dendrimers'; 8 but they could also serve as self-assembled cores form. Pentamers and heptamers may also form.

for supramolecular star polymers. The unique combination of
reversibility with thermodynamically stable discrete assemblies omloo oH
suggests this organic approach might uniquely complement self-

assembled star polymers with cores based on strong +rigfahd

bonding? Here we report the use of Bis-DeAlPas an initiator for

polymerization and its ability to convert low molecular weight ff{i’“ﬂ @ ﬁui%

polymers into significantly higher molecular weight structures while WS T

at the same time narrowing the overall molecular weight distribution 4 My = 16220
My, = 19,890

through the assembly process. TR e s DR e 610) s

Bis-DeAP 1 was prepared using an approach reported for an
unfunctionalized analogu&:2 The alcohol group can be further M e
manipulated, and aryl groups provide increased solubility in LTI Retention Time (min)
nonpolar organic solvents. Figure 2 shows data from a DMAP-
catalyzed ring opening polymerization ofi-lactide® using 1 as
the initiator. Although NMR analysis indicated &, of only 3100
and MALDI showed a bimodal molecular weight distribution with ~ F/guré 2. Organocatalytic polymerization efv-lactide usingl as initiator.

L . . MALDI and NMR indicate low MW material with a bimodal distribution.
the majprlty of material below 4 k'?a' th_e S_EC .revealed a single Assembly of the ditopic hydrogen-bonding module in THF leads to higher
peak with a narrow molecular weight distribution. TN& was MW star polymers with monomodal distribution and low PDI. SEC in THF
determined to be ca. 16 kDa with a polydispersity index (PDI) of using RI detector and PS calibration.
1.23. The difference in polymer characteristics from the NMR and
MALDI, where self-assembly does not affect the measurements, Polystyrene polymersg, were prepared from a model initiator,
and by SEC, where the assembled structure is observed, demonunder the same polymerization condition®at obtain an estimate
strates the ditopic hydrogen-bonding module’s ability to increase of the molecular weight of the polymer chains in the absence of
molecular weight, while decreasing the polydispersity through self- assembly. The model polymerization also displayed a linear increase
assembly. in molecular weight with conversion, and the slope of the best fit

To further investigate the nature of the assembly and expand line to the polymerization of the model initiator had a slope 1/6
the utility of the ditopic hydrogen-bonding modutewas reacted that of the polymerization fron®, supporting the formation of
with 2-bromo-2-methylpropanoyl bromide to yield the atom transfer hexameric assemblies.
radical polymerization (ATRP) initiata2.14 Reaction with styrene Direct analysis of the MW and PDI of the arms of a star polymer
was carried out neat at 9 with 2, CuBr, and PMDETA. The by cleavage is a common technique in polymer sciéhdde PS
molecular weight grew linearly with time, indicating a living  polymer in5is connected to the ditopic hydrogen-bonding module
polymerization (Figure 3). The intercept of the upper line in Figure through an ester bond that is susceptible to cleavage, and control
3 corresponds closely to the molecular weight of the hexameric experiments indicated that the PS backbone would be unaffected
assembly oR.1° The SEC molecular weights, in toluene, of all of by basic hydrolysis conditions. Cleavage of the core was carried
the polymers generated froghdid not change appreciably over a out as indicated in Figure 4. The heterocyclic portiorb@hbsorbs
10-fold change in concentration, indicating the formation of discrete at 310 nm, and the SEC data in Figure 4 show its presence in the
aggregates, which had a PDI generally between 1.3 and 1.5.star polymer but not in the cleaved polymer arthsNMR analysis

Theoretical DP = 32 (M= 5,700)
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100K the polymer coils should want to alternate between large and small
to minimize steric interactions in the system. This behavior has
already been observed in the hydrogen-bonded self-assembly of
large and small dendrimeft&Current efforts are directed toward
finding conditions that favor the thermodynamic assembly and
investigating the properties of materials that incorporate the Bis-
DeAP maotif.

In conclusion, we have reported the ability of the Bis-DeAP motif
to assemble low molecular weight materials into high molecular
weight supramolecular star polymers while narrowing the overall
PDI. The ability to assemble large, discrete structures from smaller
components is essential to the bottom-up approach to nanoscale
materials, and it is anticipated that the reversible nature of the
hydrogen-bonded core will yield new and interesting properties.
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Figure 3. M, of polymers from ATRP oR and of a model initiator versus
time. MWs determined from the average of&runs on a toluene SEC
using RI detection and PS calibration. Polymerization conditio2$:={
[CuBr] = [PMDETA] = 21 mM in styrene, 90C.
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Figure 4. Toluene SEC of self-assembled star polymer and THF SEC of
PS arms from basic hydrolysis. UV detectasax = 310 nm. Molecular
weight determined from RI signal using PS calibration.

) ) _ (5) Selected examples of heterocycles that form cyclic assemblies: (a)
confirms that the hydrolysis product is PS. The SEC shows that ﬁzzkg\‘l‘vilgﬁ 5JA7A5'; (Sbgt\c;, c.kT.; WhFl\}ealdeS, GD.M.Ahm. Ch%ml.DS'SIG.EJ'?'Zb .
- ~ . 3 . reekamp, K. H.; van buynnoven, J. P. M.; Aubert,
the star polymer withM, ~ 70 kDa was formed by linear PS M.; Verboom, W.; Reinhoudt, D. NAngew. Chem., Int. Ed. Engl996
fragments having aWl, ~ 7 kDa. The cleaved PS was analyzed in igblazis&zgﬁ.z(g) z\g)arl\s/lh, A.;IS;\I/\I/eslgn, M.NLthn,d\./-l\ﬂ:herrT]\. CR:on':/lmun.
f : . ascal, M.; Hext, N. M.; Warmuth, R.; Moore,
THF because of its tendency to ab_sorb to the SEC column (acid M. H.; Turkenburg, J. PAngew. Chem., int. Ed. Engl996 35, 2204~
group). In toluene, the molecular weight of the PS arms was greatly 2206. (€) Fenniri, H.; Mathivanan, P.; Vidale, K. L.; Sherman, D. M.;
: _ Hallenga, K.; Wood, K. V.; Stowell, J. G.. Am. Chem. So001, 123
undgrestlmated, althoggh the PDI of the cleaved arms was ap 3854-3855. (f) Keizer, H. M.; Gonzalez, J. J.. Segura, M.. Prados, P.:
proximately the same in both toluene and THF. Sijbesma, R. P.; Meijer, E. W.; de MendozaChem—Eur. J.2005 11,
i indi 4602-4608.
The cleavage experiment indicates that the apparent MW of the (6) Selected reviews: (a) Jeffery, T. Bngew. Chem., Int. ER004 43,

assembly is about 10 times that of the PS MW, whereas the
comparisons in Figure 3 indicate an average 8.5-fold increase. Of
course, the comparatively large Bis-DeAP core will contribute to
the molecular weight of the assembly. Given this contribution, the
uncertainty in the MW measuremeritand the previous studies of
self-assembling dendrimetsa hexamer model is favored.

Whatever the exact structure of the assembly, it produces a (10)
dramatic increase in molecular weight, with a narrowing of the
molecular weight distribution as indicated by the decrease in PDI
from 1.53 for the linear PS arms to 1.32 for the self-assembled
star polymer. Application of statistical models to the assembly of
the star polymers indicates that even more dramatic decreases in
the PDI should be achievabléln the present case, it appears that
the smaller polymeric material is assembling before the larger
material, leading to a structure at least partially controlled by the
kinetics of assembl}?

668-698. (b) Prins, L. J.; Reinhoudt, D. N.; Timmerman, Ahgew.
Chem., Int. Ed2001, 40, 2382-2426.

(7) (a) Viau, L.; Even, M.; Maury, O.; Haddleton, D. M.; Le Bozec,®l.R.
Chimie2005 8, 1298-1307. (b) Schubert, U. S.; EschbaumerA@igew.
Chem., Int. EJ2002 41, 2892-2926 and references therein. (c) Lamba,
J. J. S.; Fraser, C. L1. Am. Chem. S0d.997, 119, 1801-1802.

(8) Synthesis and detailed characterization will be presented in a future paper.

(9) Nederberg, F.; Connor, E. F.; Moller, M.; Glauser, T.; Hedrick, J. L.

Angew. Chem., Int. EQ001, 40, 2712-2715.

The exact structure &f in styrene has not been determined; however,

the nature of the assembly during the polymerization is irrelevant to the

post-polymerization properties described here.
(11) Selected examples where the cleaved arms have a higher PDI: (a) Plamper,
F. A.; Becker, H.; Lanzendorfer, M.; Patel, M.; Wittemann, A.; Ballauff,
M.; Muller, A. H. E. Macromol. Chem. Phy2005 206, 1813-1825. (b)
Ueda, J.; Kamigaito, M.; Sawamoto, Mlacromolecule4998 31, 6762—
6768. (c) Jacob, S.; Majoros, |.; Kennedy, J.NPacromoleculesl996
29, 8631-8641.
(12) (a) Shiau, L-DMacromol. Theory SimuR004 13, 783-789. (b) Zhu,
S.; Li, D.; Yu, Q.; Hunkeler, D.J. Macromol. Sci., Pure Appl. Chem.
1998 35, 33-56.

(13) Annealing the sample did not significantly change the observed PDI.
Likewise, the PDI and MW did not noticeably change over several months

Preliminary mixing studies of large and small supramolecular in solution.
star polymers are consistent with slow kinetics, significant mixing
requiring days to weeks at room temperature. Thermodynamically, JA075453]

J. AM. CHEM. SOC. = VOL. 129, NO. 47, 2007 14535



