JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

A Highly Stable Quadruply Hydrogen-Bonded
Heterocomplex Useful for Supramolecular Polymer Blends
Taiho Park, Steven C. Zimmerman, and Shoji Nakashima
J. Am. Chem. Soc., 2005, 127 (18), 6520-6521+ DOI: 10.1021/ja050996j * Publication Date (Web): 16 April 2005
Downloaded from http://pubs.acs.org on March 25, 2009

)
@ @ .""'-ilny ! 3:'% : 7&
0 [ 0 LR SIS [

el PGLE, R % 95 ey

alas : (o AN
o A H — .y ‘gf

m! n + o o= ' w n .s

’

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information
. Links to the 12 articles that cite this article, as of the time of this article download

. Access to high resolution figures
. Links to articles and content related to this article
. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact.

Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja050996j

JIAIC[S

COMMUNICATIONS

Published on Web 04/16/2005

A Highly Stable Quadruply Hydrogen-Bonded Heterocomplex Useful for
Supramolecular Polymer Blends
Taiho Park, Steven C. Zimmerman,* and Shoji Nakashima

Department of Chemistry, Usrsity of Illinois at Urbana-Champaign, 600 S. MatthewseAue,
Urbana, lllinois 61801

Received February 16, 2005; E-mail: sczimmer@uiuc.edu

Despite many advances in supramolecular polymer chemistry,
there remains a need for recognition units that form complexes with
high stability and selectivity.There is a particular lack of easily
prepared units that form hetero-complexes but weakly self-
associaté.Our deazapterinl{ DeAP} and Meijer's widely used
UPy unit 2)* were shown to form, via their ADDA forms, very
stable hydrogen-bonded complexes with 2,7-diamido-1,8-naphthy-
ridine 3, DAN).35 However,1 and 2 were designed as AADD
units1' and2' and strongly dimerize via these forms. In fact, other
tautomeric and conformational isomers are available to hdth
and 2/2'. For many applications self-recognition and competing
equilibria can have deleterious effects. Recognizing the structural
similarity betweenl and 2 and the spectator role of the fused
pyridine ring in 1-3, we wondered whether other substituents or
pyrimidinone ring fusions might favor the ADDA form. Given that
alternative tautomers of DNA bases are rare, attention focused onfgjgure 1. Strong DDAA dimers formed fronl’ and2'.34 DAN 3 shifts
guanosine, with an imidazole in place of the pyridine ringlof equilibrium entirely towardL-3 and 2-3.25 Unit 1 also dimerizes via the
Herein we report that urea(UG) weakly self-associates and forms ~ N1(H) form and may comple8 similarly.

a highly stable complex witB. The utility of the UGDAN complex

is illustrated by the formation of blends from polystyrene (PS) and @ 9 H,E x
poly(butyl methacrylate) (PBMA) containing units 8fand 4. <’NfA j B -AGY =116 kel o Nz
Compound4a was synthesized in three steps from guanosine R&w“ : T N g !
tri-O-acetate in overall yields of ca. 785%S8 The preparation of RO  OR' N i‘“' N
4adid not require chromatographic purification, so it was readily 42:R=H, R = G(CHa)y fivose H‘E o3
made on & 10 g scale. The ribose unit affords multiple points for 4b:R. R = Ac 4 o
functionalization, but we expect that the base alone will function R = CCsthia
similarly. The structure and self-associationdtf was studied by b) ] —¥ © 2, 340 nm
IH NMR and vapor pressure osmometry (VPO). The data indicate - —4b 4
4 to be the dominant conformer and tautomer in chlorofakrihe Z 6 ﬁ 408 JOLR
VPO data fit best to an oligomeric model with aggregates bound é 04 R : “HN z
through two hydrogen bonds from the urea group to the Hoogsteen = ol own o3
site of the guanosine nucleus. The aver&gg,.is ca. 200 M1, 00, . N\IrN\r/O
No tight dimers analogous t§-1' and2'-2' were observed under ' SN gy

N
any conditions, suggesting that the desit@matomeric fixatiorhad 0 avelength (m) e

wavelength (nm) "o
been achieved. 8000 - 410 v O)(
A 1:1 mixture of 3 and4' gave a sharpH NMR spectrum in —20nM

—_
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—
-

CDCl; with the NH protons shifting downfield by-1—2 ppm gmo = m a

relative to the free components. The chemical shifts and NOEs E-woﬂ i\ .
observed between NH groups were consistent with compié'x £ 2000 4c
(Figure 2a), indicating that' is energetically accessible. No new o A, 470 nm

peaks appeared nor did any shift occur upon dilution tq:i0 Yo 750 730 560 550 540 580 oR0

indicating a very strongKassoc> 10 M~1) complex. To quantify wavelength (nm)

the complex stabilityd was covalently linked to coumarin 343 to  Figure 2. (a) Lowest energy form of. Form4' with ADDA array that

give 4¢.7 Excitation of the naphthyridine unit &fy.x = 340 nm complexes3. (b) UV—visible spectra of3, 4b, and 4c. (c) Schematic

produced an emission Af.x = 410 nm that was absorbed by the showing FRET mechanism in tt84c¢ complex. (d) Fluorescence emission

spectra of the3-4c¢ complex with dilution (background from 1:1 mixture

coumarin unit, leading to a fluorescence resonance energy transfers 3214 coumarin dye alone were subtracted). All spectra in GHCI

(FRET) effect whose emission afax= 470 nm was used to detect

the complex at high dilution (Figure 2fal). An association constant,  copolymerized with styrene and butyl methacrylate to produce,

Kassoc= 3 x 10® M1, was determined. respectively, polymerg and8 (Scheme 1, Table 1). PS and PBMA
To illustrate the utility of the3-4' complex in supramolecular  were chosen as immiscible polymers that do not form blends under

polymer chemistry, monomerS and 6 were synthesized and  normal circumstancesSolutions of7 and 8 in chloroform dried
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Table 1. Properties of Representative Polymers
recogn mol % M, M, avno. F
polymer unit (F) unit F2 (kD) (kD) PDI per chain
7a 3 1 15 29 1.9 1.4
7b 3 4 13 23 1.8 4.2
7c 3 7 16 33 2.1 8.2
8a 4 4 17 28 1.7 4.2
8b 4 10 11 16 15 5.7
9a 2 4 25 32 1.3 6.8
9b 2 10 33 43 1.3 21

a Calculated from feed ratios. Ratios determinedyNMR integration
were shown to be within experimental error of feed ratio.
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Figure 3. (a) SEC in toluene on double column (HR4E, HR5E). Tailing
in 7cis due to interaction with matrix. (b) PBMA containing UR3) (inits.
(c) Specific viscosity in CHGlat 26°C (Ubbelohde).

to give colorless, transparent films on glass. Differential scanning
calorimetry (DSC) was performed on a 50% w/w mixture7af
and8b.6 The singleTy = 73 °C measured was between that7af
(104 °C) and8b (43 °C) consistent with a blendl.

We propose that and8 form a self-assembled, network polymer.
Evidence for such a superstructure was the significantly reduced
retention time observed by SEC for a 1:1 mixture7ofand8b at
a concentration of ca. 2.5 g dk (Figure 3a). AnM, ~ 170 kD

was estimated. Larger assemblies could not be observed by SEC

because of the high viscosity of higher concentration solutions.
Viscosity measurements of blends and control compounds were
performed in chloroform solution (Figure 3t onsistent with the

formation of a large network, mixtures afb and 7c with 8b
containing a ca. 1:1 ratio of recognition groups exhibited large
increases imsp With concentration. Polymera with an average

of 1.4 recognition unit8 per polymer chain showed only a modest
increase in viscosity with concentration, as did and 8b alone
(data not shown forb).

PBMA 9ab were synthesizéflas analogues @a and8b, but
containing uni2 (Figure 3b, Table 1). It was not possible to match
perfectly the MWs and recognition units per chain. Nonetheless,
the viscosity increases with concentration were significantly larger
for 7b-8b and7c-8b in comparison to botf7b-9a and7c-9b, even
though both9a and9b have higher MWs and the latter has many
more recognition units per polymer (Figure 3). Although some of
the diminished effect i® may originate in its shorter linking chain,
self-recognition of the UPy units, especially intramolecularly (see
schematic in Figure 3c), will reduce their availability for hydrogen
bonding. Current efforts are focused on determining the role played
by self-recognition.

Described herein is U@, a useful new unit for recognition. By
virtue of its greater tendency towatautomeric fixation(vs 1 and
2), 4 forms an exceptionally stable heterocomplex with DAN
while only weakly self-associating. The energy34 interaction
can drive the formation of blends of PS and PBMA, with minimal
competition from self-associative processes. It is anticipated that
the ready availability of analogues 8fand4 and their strong and
selective complexation will make them broadly useful in supra-
molecular construction.
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