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ABSTRACT: We report the synthesis and guest affinities of polymers featuring a single recognition site
in the middle of the polymer chain. These polymers were synthesized from difunctional initiators based
on the 2,6-diacyldiaminopyridine moiety. Binding efficiencies were experimentally determined using a
complementary fluorescent guest, N(10)-isopropyl flavin. The effect of polymer length on recognition was
explored by the synthesis of 5 PMMA samples ranging from 4K to 25K. Over this range binding constants
increased almost 2-fold, from 282 to 522 M~1. Variable temperature fluorescence of bound samples shows
a 15% difference in release between polymer samples and model compounds.

Introduction

Control of macromolecular structure and function
through specific noncovalent interactions is central to
awide variety ofapplications inbio-and nanotechnology.!~12
Systems studied include soluble polymers,313-17 pulk
solids,8-23 and thin films.2425 In recent studies, the
incorporation of specific recognition elements has been
used to generate a diverse array of architectures in
solution and the solid state.®10.1326 |n these studies,
recognition elements have been employed to transform
common polymer backbones (acrylates, styrenics) into
drug delivery systems,?’ liquid crystals,?6:2829 highly
ordered nanostructures,3817.30-39 yesicles,*? and orga-
nogels.*!

Embedding a recognition element within a polymer
chain can potentially provide biologically inspired cata-
lysts and delivery systems. This information is difficult
to assess with random copolymers due to the heteroge-
neity of binding sites, a feature that arises from the
synthetic methodologies typically employed. To examine
the effects of polymer chains on host—guest affinity, we
have designed polymers that have a single recognition
element at the center of the polymer chain. These
polymers were synthesized by living/controlled poly-
merizations. The effect of the binding site buried in the
middle of the three-dimensional polymeric globule can
then be quantified by the comparison of binding con-
stants (K;) obtained from the polymers to that of
monomeric model compounds.

For our studies, we used diacyl diaminopyridines
(DAP) 1 and 2 as hosts, with the complementary three-
point hydrogen-bonding partner, N(10)-isopropyl flavin
(4), as guest (Figure 1). The use of flavin 4 allows for
guantification of the K, via fluorescence titrations.*243
Here, we report the synthesis of well-defined polymers
containing a single recognition unit, and the corre-
sponding thermodynamic characterization of the host—
guest chemistry.

Experimental Section

General. All reagents were purchased from Aldrich. 2,6-
Diaminopyridine (98%), triethylamine (99.5%), bromopropionyl
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1 R=CHs, R'=H

2 R=CHg, R'=CHg

3 R= Polymers 7-13
Figure 1. Structure of host—guest dyads used in this study,
2,6-diacyldiaminopyridine-based systems (1—3) and N(10)-
isopropyl flavin (4). 3 stands for polymers 7—13, polymer
blocks on both sides of the diaminopyridine moiety.

bromide (97%), anisole (99.7%), copper(l) bromide (99.999%),
4,4'-dinonyl-2,2'-bipyridyl (DNBP, 97%), N,N,N’,N’,N"-pen-
tamethyldiethylenetriamine (PMDETA, 99%), 4-pentenoic acid
(97%), oxalyl chloride (99+%), 0.5 M solution of 9-borabicyclo-
[3.3.1]nonane (BBN) in tetrahydrofuran (THF), 4-(dimethy-
lamino)pyridine (99%), and pL-lactide were used as received.
Solvents were purchased from VWR. All reactions were carried
out under argon using oven-dried glassware. All polymeriza-
tions and water/air-sensitive manipulations were carried out
using standard Schlenk techniques in a dry argon atmosphere.
THF was distilled from sodium/benzophenone ketyl. Dichlo-
romethane was distilled from calcium hydride. Methyl meth-
acrylate (MMA, 99%) was vacuum-distilled from calcium
hydride prior to use. tert-Butyl acrylate (tBA, 98%) was
extracted three times with 5% aqueous solution of NaOH and
washed with distilled water. After stirring over calcium
chloride overnight, the monomer was vacuum-distilled prior
to use. All compounds were stored in the dark and under
refrigeration to avoid photodegradation or thermal degrada-
tion. NMR spectra were recorded using a Bruker 200 MHz
spectrometer. Elemental analyses were performed by the
Microanalytical Lab at the University of Massachusetts,
Ambherst. Compounds 1, 2, and 4 were synthesized according
to literature procedures.*

Instrumentation. Absolute and/or relative molecular
weights of the polymers were determined by gel permeation
chromatography (GPC) with a Polymer Laboratories (PL) LC
1120 pump, a Waters R403 differential refractometer detector,
and three PL gel columns (particle size = 50 um, pore size =
mixed D and 50 A) with THF as an eluent at 1 mL/min at
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room temperature. The system was calibrated with poly-
(methyl methacrylate) (PMMA) and polystyrene (PS) stan-
dards. Fluorescence spectroscopy was performed on a Shimad-
zu RF-5301PC spectrofluorophotometer.
Synthesis of 5. To a solution of 2,6-diaminopyridine (1.0
g, 9.2 mmol) and triethylamine (2.83 mL, 20.0 mmol, 2.2 equiv)
in dichloromethane (150 mL) was slowly added 2-bromopro-
pionyl bromide (1.92 mL, 20.0 mmol). The solution was stirred
for 12 h, the solvent removed in vacuo, and the resulting red
solid dissolved in ethyl acetate (100 mL) and successively
extracted with brine (100 mL), saturated sodium bicarbonate
(100 mL), and 0.1 M HCI (75 mL). The organic layer was
collected and dried using MgSO., and the residue was purified
by flash column chromatography on silica (1:1 hexanes:ethyl
acetate). The resulting white solid was vacuum-dried over-
night. Yield 1.68 g, 83%; mp 128—129 °C. *H NMR (CDCl3): &
= 8.42 (s, NH, 2 H), 7.96 (d, 3,5-PyH, 2 H, 7.9 Hz), 7.76 (t,
4-PyH, 1 H, 8.0 Hz), 4.53 (g, Br—CH—, 2 H, 6.9 Hz), 1.93 (d,
—CH3,6 H, 6.9 HZ). C11H13N302Br, (37905) Calcd: C, 34.86;
H, 3.46; N, 11.09. Found: C, 34.62; H, 3.46; N, 10.91.
General Procedure of the Atom-Transfer Radical
Polymerization (ATRP) of PMMA Initiated by 5. A heat-
dried, nitrogen-purged 10 mL Schlenk tube was charged with
freshly distilled MMA, anisole (50 wt %), copper(l) bromide,
and 9,9'-dinonyl-2,2'-bipyridine. The dark red solution was
degassed by a freeze—pump—thaw technique three times,
backfilled with argon, and then sealed via a Teflon stopcock.
It was then heated with stirring at 90 °C. The resulting green
solution was then dissolved in THF (15 mL) and precipitated
into hexanes (100 mL), filtered, and dried in vacuo. The green
solid was then dissolved in ethyl acetate (100 mL) and washed
with aqueous ammonia (10 wt %) (2 x 50 mL) and brine (1 x
50 mL). The organic layer was collected and dried over MgSQOs,,
and the solvent was removed by rotary evaporation.
Polymerization of tBuA with ATRP (Polymer 13). A
heat-dried, nitrogen-purged 10 mL Schlenk tube was charged
with freshly distilled tBuA (3.5 mL, 24 mmol), 5 (64 mg, 0.17
mmol), CuBr (24 mg, 0.17 mmol), and PMDETA (36 uL, 0.17
mmol). The green solution was degassed by a freeze—pump—
thaw procedure three times, backfilled with argon, and then
sealed via a Teflon stopcock and placed in a 60 °C oil bath for
3 h. The solution was then dissolved in THF (10 mL) and
precipitated into a mixed solvent (H,O:MeOH 1:1 v:v, 50 mL),
filtered, and dried in vacuo to give a white polymer (0.56 g,
16%). M, = 4.7 x 103, Mn/M,, = 1.27 (PMMA standards).
N,N'-(5-Hydroxylpentanoyl)-2,6-diaminopyridine (6).
Initiator 6 was synthesized through a three-step reaction
sequence from 2,6-diaminopyridine. To a solution of 4-pen-
tenoic acid (2.0 g, 20 mmol) and oxalyl chloride (2.0 mL, 2.2
mmol) in dry CH,CI, (150 mL) was added one drop of DMF.
After stirring for 2 h, the mixture was added dropwise to a
solution of 2,6-diaminopyridine (1.1 g, 10 mmol) and triethy-
lamine (3.1 mL, 22 mmol) in dry CH,Cl; (100 mL) under an
argon atmosphere. After stirring overnight at room tempera-
ture, the mixture was washed with brine (100 mL), the organic
fractions were collected and dried with MgSQ,, and the solvent
was removed by rotary evaporation. The crude product was
purified by flash column chromatography on silica gel with
hexane/EtOAc (1:1 v:v) to give a white solid (1.1 g, 40%). This
product was sufficiently pure for the subsequent reaction and
was used without further purification. A 0.5 mol L™ solution
of 9-BBN in THF (16 mL) was added dropwise to a solution of
dipentenoyl-2,6-diaminopyridine (0.54 g, 2.0 mmol) in dry THF
(4 mL) at room temperature. After stirring for 1 h at room
temperature H,O (5 mL) was added dropwise, followed by 3
M NaOH (10 mL). 30% H,O, solution (10 mL) was added
carefully to maintain the reaction temperature stay between
30 and 50 °C. The precipitate was filtered, and the filtrate was
evaporated and purified with flash chromatography on silica
gel with CH,CIl,/MeOH (95:5 v:v) to give a white solid (2, 0.27
g, 43%); mp 125—6 °C. 'H NMR (d-DMSO): 6 = 10.0 (s, NH,
2H), 7.72 (s, PyH, 3H), 4.44 (s, OH, 2H), 3.42 (m, —CH,—OH,
4H), 2.41 (t, ~CO—CH>—, 4H, 7.2 Hz), 1.70—1.35 (m, —CH,—,
8 H). C15H23N30, (309.36) Calcd: C, 58.24; H, 7.49; N, 13.58%.
Found: C, 58.26; H, 7.42; N, 13.38%.
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Scheme 1. Synthesis of Bis-Initiators for ATRP (5)
and Lactide ROP (6) Containing a Central Moiety
Capable of Molecular Recognition?
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a (a) 2-Bromopropionyl bromide (2 equiv), NEts (2.2 equiv),
CH.Cly; (b) 4-pentenoyl chloride (2 equiv), NEt; (2.2 equiv),
CH_Cl;; (c) 9-BBN (4 equiv), THF; (d) NaOH, H,0,.

Polymerization of bL-Lactide with ROP (Polymer 12).
N,N'-(Dimethylamino)pyridine (DMAP, 0.28 g, 23 mmol), 6 (18
mg, 0.58 mmol), pL-lactide (0.50 g, 35 mmol), and dry dichlo-
romethane (2.5 mL) were added to a dry tube equipped with
a Teflon stopcock. The mixture was degassed via a repeated
freeze—pump—thaw cycle (3x). The polymerization tube was
placed in the oil bath at 35 °C. The mixture was added to cold
methanol (50 mL) to quench the polymerization. The precipi-
tate was filtered and dried in vacuo to give a white polymer
(0.42 g, 82%). M = 7.5 x 10%, My/M,, = 1.34 (PS standards).

Results and Discussion

Synthesis. We used initiators 5 and 6 (Scheme 1)
capable of initiating living/controlled polymerizations to
provide polymers with a single recognition element
embedded within the backbone. Soluble polymers con-
taining one recognition unit were synthesized from
bifunctionalized DAP-based initiators (5 and 6) using
well-defined living/controlled polymerization methodolo-
gies, either atom-transfer radical polymerization (ATRP)
(using 5) or (N,N-dimethylamino)pyridine-catalyzed liv-
ing ring-opening polymerization (ROP) (using 6) (Scheme
2).%5 The use of controlled polymerization methodologies
allowed for control over molecular weight and provided
polymer samples with low polydispersities. Polymers
initiated by 5 and 6 were readily prepared according to
Scheme 2. Poly(methyl methacrylate) (PMMA) and poly-
(tert-butyl acrylate) (PtBA) were polymerized using a
CuBr-controlled ATRP methodology and resulted in
polymers of predictable molecular weight and expected
polydispersities (1.23—1.27) for a secondary initiator.46
Poly(pL-lactide) was synthesized at 35 °C in methylene
chloride using a procedure adapted from a recently
reported DMAP-catalyzed living ring-opening polymer-
ization methodology.*®

Thermodynamic Characterization of Polymer—
Flavin Complexes. The affinity of the polymeric hosts
for flavin 4 was experimentally quantified via fluores-
cence titration in chloroform. Flavin 4 has characteristic
emission peak at 515 nm in chloroform that is strongly
guenched upon binding to diaminopyridine derivatives,
allowing the quantification of host—guest binding.4243:47
As expected, addition of all of the polymers (except
PtBuA) to flavin solutions strongly quenched flavin
fluorescence. To eliminate the possibility that the
polymer chains were responsible for this quenching,
PMMA samples without the DAP moiety were added
to a chloroform solution containing flavin 4. As expected,
no change in fluorescence was observed, showing that
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Table 1. Polymerization Conditions for the Synthesis of Polymers 7—11
polymer 5 (mmol) MMA (mmol) anisole (mL) CuBr (mmol) DNDP (mmol) time (h) Mp2 Muw/Mp2
7 0.29 13.2 1.24 0.15 0.29 6 4 000 1.23
8 0.15 13.2 124 0.07 0.15 12 8 100 1.23
9 0.15 26.4 2.48 0.07 0.15 23 15 000 1.26
10 0.16 34.5 3.24 0.08 0.16 30 20 000 1.28
11 0.16 41.4 3.88 0.08 0.16 36 25 000 1.25
a Detemined by GPC calibrated with PMMA standards.
Scheme 2. Synthesis of Polymers Based on 5 and 6 0
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the quenching we observed resulted directly from the
DAP—flavin 4 recognition process.

Efficient binding of 4 was obtained using both the
PLA and the PMMA polymers (Figure 2 and Table 2).
PtBUuA has a lower affinity for flavin 4, presumably
arising from the steric hindrance of the bulky side
chains; a similar trend is observed in the comparison
of Kss between the model compounds 1 and 2 and
previously reported results.** These results indicate that
the efficiency of this noncovalent interaction was de-
pendent on the polymer chain covalently attached to the
recognition unit and that the polymer chains surpris-
ingly have a favorable effect on the recognition process.

Preliminary insight into the temperature dependence
of host—guest interactions was obtained through vari-
able temperature release experiments. For these stud-
ies, 99%-bound solutions of 1:4 (model compound of low
molecular weight), 7:4 (PMMA), and 12:4 (PLA) in
chloroform were prepared, and fluorescence was mea-
sured as a function of temperature. As the temperature
was increased, the observed fluorescence intensity
increased, indicating a decrease in the concentration of
bound species (Figure 3). More binding efficiency for 1:4
is lost with increasing temperature than for any of the
polymer samples. These results are also consistent with

element.

Table 2. Binding Constants Determined by Fluorescence

Titration

compound/

polymer Mnp x 103 Mw/M, Ka(M™1)  AG (kcal/mol)
1 540°¢ —3.68
2 190¢ —-3.07
7 (PMMA) 4.02 1.23 282+ 8 —3.30 £ 0.02
8 (PMMA) 8.12 1.23 311+9 —3.36 £+ 0.03
9 (PMMA) 15.02 1.23 3657 —3.45+0.01
10 (PMMA) 20.02 1.28 411 +£7 —3.52+0.01
11 (PMMA) 25.52 1.25 522 + 20 —3.66 £+ 0.02
12 (PLA) 7.5° 1.39 352+ 20 —3.47 £0.03
13 (PtBuA) 4.7b 1.27 56 + 26 —23+04

aGPC (PMMA standards). ® GPC (PS standards). ¢ Reference
44,

previous results reported by Rotello using random
copolymers.*8

Molecular weight effects on the affinity of polymer
hosts with flavin 4 were examined using PMMA poly-
mers 7—11 systems using samples of molecular weight
4K, 8K, 15K, 20K, and 25K.4951 The K,s could then be
compared with reference monomers 1 and the a-branched
monomer 2 that is sterically similar to the polymeric
hosts.** The results demonstrate a monotonic increase
in the binding constant with increased molecular weight
(Table 2). For the shortest polymer chain (74«), the
obtained binding constant is slightly higher than that
of the 2:4 complex (280 M~! vs 190 M™1). As the
molecular weight of the sample increased the K, deter-
mined for each sample increased, ultimately reaching
a value more than twice that of the model compound 2
and close to the value of the less hindered host 1. It is
known that in a solvent such as ethyl acetate, a good
hydrogen-bond acceptor, the values for the binding
constant would be extremely low, below, or near the
lower limits that can be measured by our fluorescence
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Figure 3. Percent release data for 99% bound (at 5 °C)
complexes of polymers (7 and 12) and monomer 1 with flavin
guest 4 as a function of temperature in CHCls.
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Figure 4. Plot of number-average molecular weight of PMMA
samples 7—11 vs their observed binding constant with 4.

technique.*?43 Likewise, very low values for K, should
be expected in a “pure” PMMA environment, whose
polarity is known to be very close to that of ethyl
acetate.’® The much larger values observed in our
experiments indicate, as expected, that the local envi-
ronment in the polymer is not PMMA-like and reflects
the presence of CHCI3; molecules in the random coil. The
increase in binding efficiency observed as a function of
increase in molecular weight (M,) (Figure 4) suggests
that the local environment of the binding site within
the polymer coil is progressively less competitive for
hydrogen bonding than that of chloroform, a weak
hydrogen bond donor. This trend is compatible with
well-established theories of polymer solution. It is
known in particular that the average concentration of
monomer units inside the volume enclosed by a radius
of the polymer chain coil decreases with increasing
molecular weight.>! This implies that for longer polymer
chains the local chloroform concentration around the
center of mass where the binding event occurs is higher,
leading to a better environment for hydrogen bonding
and larger values for K,. The exact nature of the local
environment is currently being investigated and will be
reported in due course.

Overall, PMMA samples 7—11 had a moderate change
in K, between the values of model 1 and 2, showing that
7—11 have unfavorable steric hindrance competing with
a favorable “polymeric” effect arising from the polymer
chain, resulting in an overall increase in affinity with
increasing polymer length.
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Conclusions

We have designed, synthesized, and characterized
polymers containing a single recognition element em-
bedded in the middle of the polymer backbone. An
enhancement of binding affinity was observed for PMMA
and PLA polymer backbones, indicating the polymer
chains covalently attached to the recognition unit cause
a change in the local binding environment. Binding
affinity of 7—11 was ranged between those of 1 and 2.
The molecular weight dependence of binding affinity of
7—11 arises from the difference of the average solvent
concentration inside the volume enclosed by the polymer
chain. Further studies focused on determining the
origins of this enhancement as well as applications of
these systems in catalysis and delivery applications are
currently underway.

Acknowledgment. This work was supported by the
NSF-funded University of Massachusetts Materials
Research Science & Engineering Center (DMR-9809365
and DMR-0213695) and CHE-0213354 (VR). The au-
thors thank Prof. E. Voigtman and Javid Rzayev for
helpful discussions.

References and Notes

(1) Brunsveld, L.; Folmer, B. J. B.; Meijer, E. W.; Sijbesma, R.
P. Chem. Rev. 2001, 101, 4071—4097.

(2) Hartgerink, J. D.; Zubarev, E. R.; Stupp, S. I. Curr. Opin.
Solid State Mater. Sci. 2001, 5, 355—361.

(3) Hirschberg, J.; Brunsveld, L.; Ramzi, A.; Vekemans, J.;
Sijbesma, R. P.; Meijer, E. W. Nature (London) 2000, 407,
167—-170.

(4) Hwang, J. J.; lyer, S. N.; Li, L. S.; Claussen, R.; Harrington,
D. A.; Stupp, S. I. Proc. Natl. Acad. Sci. U.S.A. 2002, 99,
9662—9667.

(5) Percec, V.; Ahn, C. H.; Bera, T. K.; Ungar, G.; Yeardley, D.
J. P. Chem.—Eur. J. 1999, 5, 1070—1083.

(6) Ma, Y. G.; Kolotuchin, S. V.; Zimmerman, S. C. J. Am. Chem.
Soc. 2002, 124, 13757—13769.

(7) Sijbesma, R. P.; Meijer, E. W. Chem. Commun. 2003, 5—16.

(8) Tam, K. C.; Jenkins, R. D.; Winnik, M. A.; Bassett, D. R.
Macromolecules 1998, 31, 4149—4159.

(9) Lehn, J. M. Polym. Int. 2002, 51, 825—839.

(10) Ungaro, R.; Dalcanale, E. Supramolecular Science: where it
is and where it is going; Kluwer Academic Publishers:
Boston, 1999.

(11) Franzoni, L.; Lucke, C.; Perez, C.; Cavazzini, D.; Rademacher,
M.; Ludwig, C.; Spisni, A.; Rossi, G. L.; Ruterjans, H. J. Biol.
Chem. 2002, 277, 21983—-21997.

(12) Folop, V.; Bocskei, Z.; Polgar, L. Cell 1998, 94, 161—-170.

(13) Lehn, J. M. Macromol. Symp. 2001, 174, 5—6.

(14) Pollino, J. M.; Weck, M. Org. Lett. 2002, 4, 753—756.

(15) Yamauchi, K.; Lizotte, J. R.; Hercules, D. M.; Vergne, M. J.;
Long, T. E. 3. Am. Chem. Soc. 2002, 124, 8599—8604.

(16) Yamauchi, K.; Lizotte, J. R.; Long, T. E. Macromolecules
2003, 36, 1083—1088.

(17) Berl, V.; Schmutz, M.; Krische, M. J.; Khoury, R. G.; Lehn,
J. M. Chem.—Eur. J. 2002, 8, 1227—1244.

(18) Haupt, K.; Mosbach, K. Biochem. Soc. Trans. 1999, 27, 344—
350.

(19) Haupt, K.; Mosbach, K. Chem. Rev. 2000, 100, 2495—2504.

(20) Whitcombe, M. J.; Vulfson, E. N. Adv. Mater. 2001, 13, 467—
478.

(21) Umpleby, R. J.; Rushton, G. T.; Shah, R. N.; Rampey, A. M.;
Bradshaw, J. C.; Berch, J. K.; Shimizu, K. D. Macromolecules
2001, 34, 8446—8452.

(22) Umpleby, R. J.; Baxter, S. C.; Chen, Y. Z.; Shah, R. N.;
Shimizu, K. D. Anal. Chem. 2001, 73, 4584—4591.

(23) Shea, K. J. Trends Poylm. Sci. 1994, 2, 166—173.

(24) Duffy, D. J.; Das, K.; Hsu, S. L.; Penelle, J.; Rotello, V. M ;
Stidham, H. D. 3. Am. Chem. Soc. 2002, 124, 8290—8296.

(25) Das, K.; Penelle, J.; Rotello, V. M. Langmuir 2003, 19, 3921—
3925.

(26) Percec, V.; Bera, T. K.; Glodde, M.; Fu, Q. Y.; Balagurusamy,
V. S. K.; Heiney, P. A. Chem.—Eur. J. 2003, 9, 921-935.



314 Das et al.

@7
(28)

(29)

(30)
(31
(32)

(33)

(34

(35)

(36)
@7
(38)
(39)

(40)

Park, H. S.; Sung, J. M.; Chang, T. H. Macromolecules 1996,
29, 3216—3219.

Kato, T.; Kihara, H.; Kumar, U.; Uryu, T.; Frechet, J. M. J.
Angew. Chem., Int. Ed. Engl. 1994, 33, 1644—1645.
Luyten, M. C.; van Ekenstein, G.; Wildeman, J.; ten Brinke,
G.; Ruokolainen, J.; Ikkala, O.; Torkkeli, M.; Serimaa, R.
Macromolecules 1998, 31, 9160—9165.

Apperloo, J. J.; Janssen, R. A. J.; Malenfant, P. R. L.; Frechet,
J. M. J. Macromolecules 2000, 33, 7038—7043.

Folmer, B. J. B.; Sijbesma, R. P.; Versteegen, R. M.; van der
Rijt, J. A. J.; Meijer, E. W. Adv. Mater. 2000, 12, 874—878.
Gale, P. A.; Navakhun, K.; Camiolo, S.; Light, M. E.;
Hursthouse, M. B. J. Am. Chem. Soc. 2002, 124, 11228—
11229.

Hirschberg, J.; Beijer, F. H.; van Aert, H. A.; Magusim, P;
Sijbesma, R. P.; Meijer, E. W. Macromolecules 1999, 32,
2696—2705.

Loontjens, T.; Put, J.; Coussens, B.; Lange, R.; Palmen, J.;
Sleijpen, T.; Plum, B. Macromol. Symp. 2001, 174, 357—371.
Percec, V.; Heck, J.; Tomazos, D.; Falkenberg, F.; Blackwell,
H.; Ungar, G. J. Chem. Soc., Perkin Trans. 1 1993, 2799—
2811.

Pan, J.; Chen, M. F.; Warner, W.; He, M. Q.; Dalton, L.;
Hogen-Esch, T. E. Macromolecules 2000, 33, 7835—7841.
Rispens, M. T.; Sanchez, L.; Knol, J.; Hummelen, J. C. Chem.
Commun. 2001, 161—-162.

ten Cate, A. T.; Sijbesma, R. P. Macromol. Rapid Commun.
2002, 23, 1094—1112.

Zeng, F. W.; Zimmerman, S. C.; Kolotuchin, S. V.; Reichert,
D. E. C,; Ma, Y. G. Tetrahedron 2002, 58, 825—843.

Ilhan, F.; Galow, T. H.; Gray, M.; Clavier, G.; Rotello, V. M.
J. Am. Chem. Soc. 2000, 122, 5895—5896.

(41)
(42)
(43)
(44)
(45)
(46)
(47)
(48)
(49)

(50)

(51)

Macromolecules, Vol. 37, No. 2, 2004

Lange, R. F. M.; Van Gurp, M.; Meijer, E. W. J. Polym. Sci.,
Part A: Polym. Chem. 1999, 37, 3657—3670.

Kowalczyk, A.; Boens, N.; Vandenbergh, V.; Deschryver, F.
C. J. Phys. Chem. 1994, 98, 8585—8590.

Novikov, E.; Stobiecka, A.; Boens, N. J. Phys. Chem. A 2000,
104, 5388—5395.

Breinlinger, E.; Niemz, A,; Rotello, V. M. 3. Am. Chem. Soc.
1995, 117, 5379-5380.

Nederberg, F.; Connor, E. F.; Moller, M.; Glauser, T.; Hedrick,
J. L. Angew. Chem., Int. Ed. 2001, 40, 2712—2715.
Matyjaszewski, K.; Xia, J. H. Chem. Rev. 2001, 101, 2921—
2990.

Ilhan, F.; Gray, M.; Rotello, V. M. Macromolecules 2001, 34,
2597-2601.

Deans, R.; llhan, F.; Rotello, V. M. Macromolecules 1999, 32,
4956—4960.

All of the binding experiments were carried out below the
critical overlap concentration of these polymers, except for
polymers 10 and 11 (at higher concentrations). To keep the
constant concentration of the recognition unit, higher mola-
lities had to be used in these two larger molecular weight
cases (100 mg/mL for 10 and 128 mg/mL for 11 were used to
prepare the samples). The fact that the titration curves
cleanly fitted a 1:1 binding isotherm suggests that entangle-
ment does not play a major role in determining binding
affinity.
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