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The selective recognition and sensing of anions has been the
subject of intensive research effort, motivated by applications
in medical diagnostics, environmental and industrial monitor-
ing, and nuclear waste cleanup.[1] Selectivity and affinity may
be achieved by preorganization of binding groups in an
orientation complementary to the geometry and charge
distribution of the anionic guest: sulfate- and phosphate-
binding proteins represent impressive illustrations of this
principle.[2] While there has been some progress toward
synthetic hosts capable of high-affinity, selective anion
recognition in competitive (aqueous) environment,[3] the
synthesis of preorganized targets having the ideal number
and orientation of binding groups for a given analyte is often
difficult,[4] and rates of guest binding and release may become
problematic. An attractive solution to this problem employs
reversible processes (noncovalent or dynamic covalent inter-
actions) as the basis for receptor self-assembly. Self-assem-
bled capsules,[5] dynamic covalent libraries,[6] and coordina-
tion complexes[7–9] capable of anion binding are successful
implementations of this concept.

Here, we describe experiments demonstrating that aggre-
gation of an organic polymer composed of repeating hydro-
gen-bond donor groups may be exploited to achieve remark-
able enhancements in anion affinity and selectivity. In
particular, a polymer based on the 3,4-diaminocyclobutene-
1,2-dione (squaramide) functional group shows a selective
“turn-on” fluorescence response to dihydrogenphosphate
(H2PO4

�) ions in the competitive medium 10% water in N-
methylpyrrolidinone (NMP). The dual role of the squaramide
groups in controlling both the aggregation of the polymer and
its anion-responsive properties results in complex behavior,
including cooperativity in analyte binding. Comparison with a
non-polymeric reference compound indicates that incorpo-
ration of the squaramide group into a polymer results in an

unprecedented alteration of anion selectivity as well as an
enhancement in anion sensitivity.

Our investigations began with the synthesis of poly(squar-
amide) 1a (Scheme 1). This material is unlikely to be capable
of long-range exciton transport, a property that has been
exploited to generate signal “gain” in conjugated polymer-

based detection schemes.[10, 11] However, we sought to test the
hypothesis that 1a could display anion-responsive properties
resulting from the precedented aggregation behavior of
polyamides in general,[12] and of materials containing squar-
amide[13] and urea[14] groups in particular, coupled with the
known anion-binding properties of these functional groups.[15]

Squaramides bind tightly to anions even in competitive
media, a property attributed to the high acidity of squaramide
NH groups relative to those of amides or (thio)ureas.[16]

Polymer 1 a was prepared by scandium(III) triflate-
catalyzed condensation of 9,9-dioctylfluorene-2,7-diamine
and diethyl squarate employing a modification of our recently
developed procedure for the preparation of aniline-based
squaramides.[16b] Under Lewis acid catalyzed conditions, the
poly(squaramide) was obtained with good molecular weight
and polydispersity (Mn = 1.8 � 104 gmol�1, Mw/Mn = 1.7) as
judged by gel permeation chromatography (GPC) in 0.2 wt%
LiCl/NMP with poly(methyl methacrylate) standards. Poly-
merization in the presence of 4-tert-butylaniline yielded
polymer 1b carrying defined end groups. Values of Mn for
1b determined by 1H NMR spectroscopy (5.0 � 103 gmol�1)
and GPC (7.0 � 103 gmol�1) were in good agreement. These

Scheme 1. Preparation of poly(squaramides) by Lewis acid catalyzed
condensation.
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materials, which are soluble in amide solvents such as NMP
and N,N-dimethylformamide (DMF), represent the first
examples of soluble, well-defined squaramide-based poly-
mers, a new class of poly(amides).[17] The unusual anion
sensory properties of these materials are discussed in the
following paragraphs; experiments probing their mechanical
and electronic properties are underway.

The interactions of polymer 1a with anionic analytes were
studied by fluorescence spectroscopy in 10% water/NMP, a
competitive medium in which anion recognition by neutral
hosts represents a challenge. Addition of tetra-n-butylammo-
nium dihydrogenphosphate (Bu4N

+H2PO4
�) to solutions of

1a resulted in an increase in emission intensity (Figure 1a).

This effect was evident to the naked eye upon irradiation of
solutions of 1a in the presence or absence of H2PO4

� ions with
a hand-held UV lamp (Figure 1a, inset).

A graph of fluorescence intensity as a function of H2PO4
�

concentration shows the sigmoidal shape characteristic of a
cooperative anion response, in which polymer–phosphate
interactions trigger additional binding events (Figure 1b). A
Hill plot indicates positive cooperativity for the 1a–H2PO4

�

interaction (nH = 2.5),[18] although the complex nature of the
polymer–anion interaction (see below) likely precludes a
straightforward application of this type of analysis.[19] While
cooperativity is a hallmark of binding and recognition
processes in biological systems,[20] its exploitation in synthetic
receptors represents an emerging area of research.[21]

To evaluate the importance of the polymeric architecture
of squaramide 1a, compound 2 was prepared as a control
receptor. Like polymer 1a, squaramide 2 underwent an
increase in fluorescence quantum yield upon addition of
Bu4N

+H2PO4
� in 10% H2O/NMP, but the cooperative

response characteristic of 1a was not observed. Instead, 2
showed behavior consistent with 1:1 binding (Ka = 2.8 �
103

m
�1, determined by fitting changes in fluorescence inten-

sity to a 1:1 binding curve).[18, 22] Polymer 1a is approximately
four times more sensitive to phosphate ions than is 2 : the half-
maximal fluorescence responses of 1a and 2 were observed at
H2PO4

� concentrations of 50 mm and 200 mm, respectively.
The magnitude of the fluorescence response of 1a is also
greater (maximum values of I/I0 for 1a and 2 were 25 and 5,
respectively); this is largely a consequence of the lower
fluorescence of 1a as compared to 2 in the absence of analyte,
likely due to aggregation of the former (see below). We
attribute the enhanced emission of 1 a and 2 in the presence of
H2PO4

� ions to an intramolecular charge-transfer mechanism.
Incorporating the squaramide group into a poly(amide)

backbone has a profound effect on the selectivity of system
(Figure 2). The fluorescence response of polymer 1a is

selective for H2PO4
� over other monovalent anions, including

basic analytes such as fluoride and hydroxide. In contrast,
model compound 2 shows the largest fluorescence response
towards fluoride, followed by H2PO4

� ions. The difficulty in
developing receptors capable of the selective binding of
H2PO4

� ions in the presence of F� has been documented
previously.[23] Selective detection of inorganic phosphate ions
in aqueous medium is of interest, both from the perspective of
its relevance in biological systems and human health, and its
role as a pollutant causing eutrophication of fresh water.[10d,24]

It is noteworthy that the affinity and selectivity of polymer 1a,
which has no evident preorganized “binding site” for H2PO4

�

ions, compare favorably with those of state-of-the-art,
uncharged receptors capable of phosphate binding in com-
petitive medium.[25]

The unusual enhancements in affinity and selectivity
observed upon incorporation of the squaramide group into

Figure 1. a) Fluorescence response of polymer 1a to Bu4N
+H2PO4

�

(10% water in NMP solvent; lex =415 nm); b) Concentration depend-
ence of the fluorescence response (lem =453 nm) of 1a (blue *) 1b
(green ^), and 2 (red ~) to Bu4N

+H2PO4
� .

Figure 2. Normalized fluorescence response I/I0 of polymer 1a (black
bars) and model compound 2 (gray bars) to anions X� (nBu4N

+X� ,
10% H2O/NMP solvent; anion concentration 140 mm for 1a and
1200 mm for 2, respectively).
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polymer 1 a appear to be results of the interplay between
polymer aggregation and analyte binding. As is typical of
aromatic amide-based polymers, 1a is prone to aggregation:
GPC analysis with NMP as eluent resulted in an apparent Mn

of 2.0 � 106 gmol�1; upon addition of LiCl, which promotes
the deaggregation of polyamides, the reported molecular
weight of 1.8 � 104 g mol�1 was determined. Temperature-
dependent UV/Vis spectra in DMF and transmission electron
microscopy (TEM) also indicated aggregation of 1a.[18]

Dynamic light scattering (DLS) measurements in DMF
solution demonstrated that addition of phosphate ions
triggers the formation of well-defined aggregates (mean
hydrodynamic radius 120 nm, PDI = 0.1; Figure 3 a,b) from

an initially heterogeneous distribution in its absence (low
scattering intensity: hydrodynamic radius 50 nm, PDI = 0.3).
The results of TEM experiments were in qualitative agree-
ment with the solution-phase behavior: in the absence of
Bu4N

+H2PO4
� , aggregates of 1a varying in size and shape

were observed,[18] but images of 1a in the presence of
Bu4N

+H2PO4
� indicated spherical aggregates of 200–800 nm

diameter (Figure 3c).[26] The larger of these aggregates were
visible by laser confocal microscopy in DMF.[18] This behavior
stands in contrast to previously reported deaggregation-based
detection schemes employing conjugated polymers[10a,27] and
urea-based oligomers.[14c]

It thus appears that anion-triggered reorganization of
polymer aggregates gives rise to the cooperative response and
altered analyte selectivity that characterize the poly(squar-
amide) system. We propose that H2PO4

� ions are able to
engage in hydrogen-bonding interactions with multiple squar-
amide groups, bringing polymer chains together in a manner
that results in a cooperative anion response.[28] Consistent
with this hypothesis, the magnitude and degree of coopera-
tivity of the anion-induced fluorescence response increased as
a function of polymer molecular weight (see Figure 1b and
the Supporting Information). Precedent for this proposal
includes the existence of urea-based receptors that bind to
H2PO4

� with a 2:1 urea:anion stoichiometry,[25a] and the
observation of a squaramide host that undergoes sulfate-
induced dimerization.[29] Calculations (B3LYP/6-311 + G**)
suggest a geometry for such a 2:1 squaramide:phosphate
complex (Figure 3d). Recent studies suggest that secondary,
attractive intra-receptor interactions are a powerful strategy
for achieving high-affinity binding in competitive medium;[30]

the present example appears to represent a new illustration of
this principle.

The superior mechanical properties of poly(amides) that
underlie their commercial utility are largely the result of
interpolymer hydrogen-bonding interactions. This work dem-
onstrates for the first time that polyamides may be employed
for selective anion detection in competitive medium, and
indicates that the aggregation behavior of this class of
materials may offer significant benefits in the context of
chemical sensing. Viewed in another light, this represents a
system in which the supramolecular aggregation of a polymer
is under the control of a specific small-molecule stimulus.
Efforts to develop a more detailed mechanistic understanding
of the anion-induced response, and to modify the polymer
structure to achieve selective anion binding in still more
competitive media, are ongoing in our laboratories.

Received: November 3, 2010
Published online: January 24, 2011

.Keywords: aggregation · anions · molecular recognition ·
polymers · self-assembly

[1] a) Supramolecular Chemistry of Anions (Eds.: A. Bianchi, K.
Bowman-James, E. Garc�a-Espa�a), Wiley-VCH, New York,
1997; b) Anion Receptor Chemistry (Eds.: J. L. Sessler, P. A.
Gale, W.-S. Cho), Royal Society of Chemistry, Cambridge, 2006 ;
c) P. D. Beer, P. A. Gale, Angew. Chem. 2001, 113, 502 – 532;

Figure 3. a) Autocorrelation functions and b) normalized CONTIN
plots from DLS measurements at 908 on polymer 1a (2.4 � 10�5

m) in
the absence (red *, c) and the presence (blue *, c) of
Bu4N

+H2PO4
� (2.4 � 10�3

m) in DMF. c) TEM image of a dried film of
1a and Bu4N

+H2PO4
� (sample was cast from a DMF solution of 1a

(2.4 � 10�5
m) and Bu4N

+H2PO4
� (2.4 � 10�3

m)). Spherical polymer
aggregates are clearly visible. The lacy pattern is the copper framework
of the carbon-coated copper TEM grid. d) Calculated (B3LYP/6-
311+ G**) geometry of the 2:1 complex of N,N’-dimethylsquaramide
and H2PO4

� .

2061Angew. Chem. Int. Ed. 2011, 50, 2059 –2062 � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim www.angewandte.org

http://dx.doi.org/10.1002/1521-3757(20010202)113:3%3C502::AID-ANGE502%3E3.0.CO;2-A
http://www.angewandte.org


Angew. Chem. Int. Ed. 2001, 40, 486 – 516; d) P. A. Gale, Chem.
Soc. Rev. 2010, 39, 3746 – 3771.

[2] a) J. W. Pflugrath, F. A. Quiocho, Nature 1985, 314, 257 – 260;
b) H. Luecke, F. A. Quiocho, Nature 1990, 347, 402 – 406.

[3] For a review: S. Kubik, Chem. Soc. Rev. 2010, 39, 3648 – 3663.
[4] B. P. Hay, T. K. Firman, B. A. Moyer, J. Am. Chem. Soc. 2005,

127, 1810 – 1819.
[5] a) O. Hayashida, A. Shivanyuk, J. Rebek, Jr., Angew. Chem.

2002, 114, 3573 – 3576; Angew. Chem. Int. Ed. 2002, 41, 3423 –
3426; b) H. Amouri, L. Mimassi, M. N. Rager, B. E. Mann, C.
Guyard-Duhayon, L. Raehm, Angew. Chem. 2005, 117, 4619 –
4622; Angew. Chem. Int. Ed. 2005, 44, 4543 – 4546.

[6] S. Otto, S. Kubik, J. Am. Chem. Soc. 2003, 125, 7804 – 7805.
[7] a) L. P. Harding, J. C. Jeffery, T. Riis-Johannessen, C. R. Rice, Z.

Zeng, Chem. Commun. 2004, 654 – 655; b) D. R. Turner, E. C.
Spencer, J. A. K. Howard, D. A. Tocher, J. W. Steed, Chem.
Commun. 2004, 1352 – 1353.

[8] a) R. Custelcean, B. A. Moyer, Eur. J. Inorg. Chem. 2007, 1321 –
1340; b) L. Applegarth, A. E. Goeta, J. W. Steed, Chem.
Commun. 2005, 2405 – 2406; c) R. Custelcean, M. G. Gorbu-
nova, J. Am. Chem. Soc. 2005, 127, 16362 – 16363.

[9] R. Custelcean, J. Bosano, P. V. Bonnesen, V. Kertesz, B. P. Hay,
Angew. Chem. 2009, 121, 4085 – 4089; Angew. Chem. Int. Ed.
2009, 48, 4025 – 4029.

[10] For a review: a) S. W. Thomas, G. D. Joly, T. M. Swager, Chem.
Rev. 2007, 107, 1339 – 1386. For examples of anion sensing by
conjugated polymers: b) M. Miyata, Y. Chujo, Polym. J. 2002, 34,
967 – 969; c) H. A. Ho, M. Leclerc, J. Am. Chem. Soc. 2003, 125,
4412 – 4413; d) D. Aldakov, P. Anzenbacher, Jr., J. Am. Chem.
Soc. 2004, 126, 4752 – 4753; e) R. Kakuchi, Y. Tago, R. Sakai, T.
Satoh, T. Kakuchi, Macromolecules 2009, 42, 4430 – 4435.

[11] See the Supporting Information for comparisons of the absorb-
ance and fluorescence spectra of 1a and 2.

[12] a) Polyesters and Polyamides (Eds.: B. L. Deopura, R. Alagir-
usamy, M. Joshi, B. Gupta), CRC, Boca Raton, 2008 ; b) R.
Abbel, T. W. Schleuss, H. Frey, A. F. M. Kilbinger, Macromol.
Chem. Phys. 2005, 206, 2067 – 2074.

[13] Y. Liu, A. H. W. Lam, F. W. Fowler, J. W. Lauher, Mol. Cryst.
Liq. Cryst. 2002, 389, 39.

[14] a) F. S. Schoonbeek, J. H. van Esch, B. Wegewijs, D. B. A. Rep,
J. P. de Haas, T. M. Klapwijk, R. M. Kellogg, B. L. Feringa,
Angew. Chem. 1999, 111, 1486 – 1490; Angew. Chem. Int. Ed.
1999, 38, 1393 – 1397; b) L. S. Shimizu, M. D. Smith, A. D.
Hughes, K. D. Shimizu, Chem. Commun. 2001, 1592 – 1593;
c) R. Varghese, S. J. George, A. Ajayaghosh, Chem. Commun.
2005, 593 – 595.

[15] For previous efforts towards anion-sensory polyamides: N. San-
Jos�, A. G�mez-Valdemoro, V. Calder�n, J. L. de La Pe�a, F.
Serna, F. C. Garc�a, J. M. Garc�a, Supramol. Chem. 2009, 21,
337 – 343.

[16] a) V. Amendola, G. Bergamaschi, M. Boiocchi, L. Fabbrizzi, M.
Milani, Chem. Eur. J. 2010, 16, 4368 – 4380; b) A. Rostami, A.
Colin, X. Y. Li, M. G. Chudzinski, A. J. Lough, M. S. Taylor,
J. Org. Chem. 2010, 75, 3983 – 3992; c) R. Prohens, S. Tom�s, J.
Morey, P. M. Dey�, P. Ballester, A. Costa, Tetrahedron Lett.
1998, 39, 1063 – 1066.

[17] Previous attempts to prepare poly(squaramides) from phenyl-
enediamines resulted in poorly soluble materials, likely of
heterogeneous composition: E. W. Neuse, B. R. Green, Polymer
1974, 15, 339 – 345.

[18] See the Supporting Information.
[19] G. Ercolani, J. Am. Chem. Soc. 2003, 125, 16097 – 16103. Analysis

by a Hill plot is not applicable if the polymer–H2PO4
�

interaction involves multiple squaramide groups interacting
with each anion, as proposed here. Nonetheless, the cooperative
nature of the binding event is evident from the shape of the
fluorescence response curve.

[20] For reviews: a) C. A. Hunter, H. L. Anderson, Angew. Chem.
2009, 121, 7624 – 7636; Angew. Chem. Int. Ed. 2009, 48, 7488 –
7499; b) M. Mammen, S.-K. Choi, G. M. Whitesides, Angew.
Chem. 1998, 110, 2908 – 2953; Angew. Chem. Int. Ed. 1998, 37,
2754 – 2794.

[21] a) T. E. Glass, J. Am. Chem. Soc. 2000, 122, 4522 – 4523; b) M.
Takeuchi, T. Shioya, T. M. Swager, Angew. Chem. 2001, 113,
3476 – 3480; Angew. Chem. Int. Ed. 2001, 40, 3372 – 3376; c) J. L.
Sessler, H. Maeda, T. Mizuno, V. M. Lynch, H. Furuta, J. Am.
Chem. Soc. 2002, 124, 13474 – 13479; d) O. Hirata, M. Takeuchi,
S. Shinkai, Chem. Commun. 2005, 3805 – 3807; e) J. A. Riddle, X.
Jiang, J. Huffman, D. Lee, Angew. Chem. 2007, 119, 7149 – 7152;
Angew. Chem. Int. Ed. 2007, 46, 7019 – 7022.

[22] Absorbance spectra of 2 were also dependent on H2PO4
�

concentration: a value of Ka = 4.0 � 103
m
�1 was determined by

this method. ESI-MS experiments provided evidence for the
formation of a 1:1 2–H2PO4

� complex in the gas phase.
[23] J. L. Sessler, D.-G. Cho, V. Lynch, J. Am. Chem. Soc. 2006, 128,

16518 – 16519.
[24] Charged receptors for phosphate ions: a) P. D. Beer, S. W. Dent,

G. S. Hobbs, T. J. Wear, Chem. Commun. 1997, 99 – 100; b) M. S.
Han, D. H. Kim, Angew. Chem. 2002, 114, 3963 – 3965; Angew.
Chem. Int. Ed. 2002, 41, 3809 – 3811; c) S. L. Tobey, A. V. Anslyn,
Org. Lett. 2003, 5, 2029 – 2031; d) P. Plitt, D. E. Gross, V. M.
Lynch, J. L. Sessler, Chem. Eur. J. 2007, 13, 1374 – 1381.

[25] Uncharged receptors for phosphate ions: a) S. Nishizawa, P.
B�hlmann, M. Iwao, Y. Umezawa, Tetrahedron Lett. 1995, 36,
6483 – 6486; b) P. Anzenbacher, Jr., K. Jurs�kov	, J. L. Sessler, J.
Am. Chem. Soc. 2000, 122, 9350 – 9351; c) L.-J. Kuo, J.-H. Liao,
C.-T. Chen, C.-H. Huang, C.-S. Chen, J.-M. Fang, Org. Lett. 2003,
5, 1821 – 1824; d) S. Kondo, Y. Hiraoka, N. Kurumatani, Y. Yano,
Chem. Commun. 2005, 1720 – 1722; e) C. Caltagirone, P. A.
Gale, J. R. Hiscock, S. J. Brooks, M. B. Hursthouse, M. E. Light,
Chem. Commun. 2008, 3007 – 3009.

[26] Addition of Bu4N
+F� to 1a did not result in the formation of

spherical aggregates as judged by TEM experiments. A full
investigation of the morphology of poly(squaramide)s as a
function of polymer structure and anion concentration is under-
way.

[27] H. Jiang, P. Taranekar, J. R. Reynolds, K. S. Schanze, Angew.
Chem. 2009, 121, 4364 – 4381; Angew. Chem. Int. Ed. 2009, 48,
4300 – 4316.

[28] Cooperative responses have been observed for para-phenyl-
eneethynylenes that undergo cation-induced aggregation: a) J.
Kim, D. T. McQuade, S. K. McHugh, T. M. Swager, Angew.
Chem. 2000, 112, 4026 – 4030; Angew. Chem. Int. Ed. 2000, 39,
3868 – 3872; b) I.-B. Kim, A. Dunkhorst, J. Gilbert, U. H. F.
Bunz, Macromolecules 2005, 38, 4560 – 4562.

[29] M. N. Pi�a, C. Rotger, B. Soberats, P. Ballester, P. M. Dey�, A.
Costa, Chem. Commun. 2007, 963 – 965.

[30] S. Otto, Dalton Trans. 2006, 2861 – 2864.

Communications

2062 www.angewandte.org � 2011 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Angew. Chem. Int. Ed. 2011, 50, 2059 –2062

http://dx.doi.org/10.1002/1521-3773(20010202)40:3%3C486::AID-ANIE486%3E3.0.CO;2-P
http://dx.doi.org/10.1039/c001871f
http://dx.doi.org/10.1039/c001871f
http://dx.doi.org/10.1038/314257a0
http://dx.doi.org/10.1038/347402a0
http://dx.doi.org/10.1039/b926166b
http://dx.doi.org/10.1021/ja043995k
http://dx.doi.org/10.1021/ja043995k
http://dx.doi.org/10.1002/1521-3757(20020916)114:18%3C3573::AID-ANGE3573%3E3.0.CO;2-D
http://dx.doi.org/10.1002/1521-3757(20020916)114:18%3C3573::AID-ANGE3573%3E3.0.CO;2-D
http://dx.doi.org/10.1002/1521-3773(20020916)41:18%3C3423::AID-ANIE3423%3E3.0.CO;2-X
http://dx.doi.org/10.1002/1521-3773(20020916)41:18%3C3423::AID-ANIE3423%3E3.0.CO;2-X
http://dx.doi.org/10.1002/ange.200500786
http://dx.doi.org/10.1002/ange.200500786
http://dx.doi.org/10.1002/anie.200500786
http://dx.doi.org/10.1021/ja0351589
http://dx.doi.org/10.1039/b313218h
http://dx.doi.org/10.1039/b402882a
http://dx.doi.org/10.1039/b402882a
http://dx.doi.org/10.1002/ejic.200700018
http://dx.doi.org/10.1002/ejic.200700018
http://dx.doi.org/10.1039/b419216h
http://dx.doi.org/10.1039/b419216h
http://dx.doi.org/10.1021/ja055528o
http://dx.doi.org/10.1002/ange.200900108
http://dx.doi.org/10.1002/anie.200900108
http://dx.doi.org/10.1002/anie.200900108
http://dx.doi.org/10.1021/cr0501339
http://dx.doi.org/10.1021/cr0501339
http://dx.doi.org/10.1295/polymj.34.967
http://dx.doi.org/10.1295/polymj.34.967
http://dx.doi.org/10.1021/ja028765p
http://dx.doi.org/10.1021/ja028765p
http://dx.doi.org/10.1021/ja039934o
http://dx.doi.org/10.1021/ja039934o
http://dx.doi.org/10.1021/ma900648h
http://dx.doi.org/10.1002/macp.200500259
http://dx.doi.org/10.1002/macp.200500259
http://dx.doi.org/10.1002/(SICI)1521-3757(19990517)111:10%3C1486::AID-ANGE1486%3E3.0.CO;2-A
http://dx.doi.org/10.1002/(SICI)1521-3773(19990517)38:10%3C1393::AID-ANIE1393%3E3.0.CO;2-H
http://dx.doi.org/10.1002/(SICI)1521-3773(19990517)38:10%3C1393::AID-ANIE1393%3E3.0.CO;2-H
http://dx.doi.org/10.1039/b102159c
http://dx.doi.org/10.1039/b413909g
http://dx.doi.org/10.1039/b413909g
http://dx.doi.org/10.1002/chem.200903190
http://dx.doi.org/10.1016/S0040-4039(97)10728-6
http://dx.doi.org/10.1016/S0040-4039(97)10728-6
http://dx.doi.org/10.1016/0032-3861(74)90174-8
http://dx.doi.org/10.1016/0032-3861(74)90174-8
http://dx.doi.org/10.1021/ja038396c
http://dx.doi.org/10.1002/ange.200902490
http://dx.doi.org/10.1002/ange.200902490
http://dx.doi.org/10.1002/anie.200902490
http://dx.doi.org/10.1002/anie.200902490
http://dx.doi.org/10.1002/(SICI)1521-3757(19981016)110:20%3C2908::AID-ANGE2908%3E3.0.CO;2-2
http://dx.doi.org/10.1002/(SICI)1521-3757(19981016)110:20%3C2908::AID-ANGE2908%3E3.0.CO;2-2
http://dx.doi.org/10.1002/(SICI)1521-3773(19981102)37:20%3C2754::AID-ANIE2754%3E3.0.CO;2-3
http://dx.doi.org/10.1002/(SICI)1521-3773(19981102)37:20%3C2754::AID-ANIE2754%3E3.0.CO;2-3
http://dx.doi.org/10.1021/ja994398e
http://dx.doi.org/10.1002/1521-3757(20010917)113:18%3C3476::AID-ANGE3476%3E3.0.CO;2-4
http://dx.doi.org/10.1002/1521-3757(20010917)113:18%3C3476::AID-ANGE3476%3E3.0.CO;2-4
http://dx.doi.org/10.1002/1521-3773(20010917)40:18%3C3372::AID-ANIE3372%3E3.0.CO;2-1
http://dx.doi.org/10.1021/ja0273750
http://dx.doi.org/10.1021/ja0273750
http://dx.doi.org/10.1039/b506883e
http://dx.doi.org/10.1002/ange.200701410
http://dx.doi.org/10.1002/anie.200701410
http://dx.doi.org/10.1021/ja067720b
http://dx.doi.org/10.1021/ja067720b
http://dx.doi.org/10.1039/a607086h
http://dx.doi.org/10.1002/1521-3757(20021018)114:20%3C3963::AID-ANGE3963%3E3.0.CO;2-G
http://dx.doi.org/10.1002/1521-3773(20021018)41:20%3C3809::AID-ANIE3809%3E3.0.CO;2-N
http://dx.doi.org/10.1002/1521-3773(20021018)41:20%3C3809::AID-ANIE3809%3E3.0.CO;2-N
http://dx.doi.org/10.1021/ol034427x
http://dx.doi.org/10.1002/chem.200601514
http://dx.doi.org/10.1016/0040-4039(95)01296-T
http://dx.doi.org/10.1016/0040-4039(95)01296-T
http://dx.doi.org/10.1021/ja001308t
http://dx.doi.org/10.1021/ja001308t
http://dx.doi.org/10.1021/ol034364i
http://dx.doi.org/10.1021/ol034364i
http://dx.doi.org/10.1039/b417304j
http://dx.doi.org/10.1039/b806238b
http://dx.doi.org/10.1002/ange.200805456
http://dx.doi.org/10.1002/ange.200805456
http://dx.doi.org/10.1002/anie.200805456
http://dx.doi.org/10.1002/anie.200805456
http://dx.doi.org/10.1002/1521-3757(20001103)112:21%3C4026::AID-ANGE4026%3E3.0.CO;2-8
http://dx.doi.org/10.1002/1521-3757(20001103)112:21%3C4026::AID-ANGE4026%3E3.0.CO;2-8
http://dx.doi.org/10.1021/ma050595o
http://dx.doi.org/10.1039/b515817f
http://www.angewandte.org

