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Representatives of a new series of acyclic oxime-based receptors were prepared and their binding properties
toward neutral sugar molecules studiéd. NMR and fluorescence titrations revealed that recefdars

and2b, incorporating suitable positioned amine and oxime moieties, are able to form strong 1:1 complexes
(Ka1 ~ 10° M%) with dodecylo- and -maltoside in chloroform solutions. Furthermore, the binding
studies with-glucopyranoside indicated the formation of complexes with 1:1 and 1:2 reeeptor
monosaccharide binding stoichiometry (with overall binding consfant 10> M~2). Both hydrogen

bonding and interactions of the sugar CH’s with the phenyl rings of the receptor contribute to the
stabilization of the receptersugar complexes. Molecular modeling calculations, synthesis, and binding
studies are described.

via water molecules. A large number of aromatic residues are
in or close to the maltose-binding groove and play an important
role in maltose binding. Quiocho et al. pointed out that “the
maltose is wedged between four aromatic side chains and the
resulting stacking of these aromatic residues on the faces of
the glucosyl units provides a majority of the van der Waals
contacts in the complex”

Recently, we have shown that acyclic biphenyl-based recep-

Introduction

X-ray crystallographic data revealed that a number of
interactions contribute to the stabilization of protegarbohy-
drate complexes, including neutral and ionic hydrogen bonds,
metal coordination, and packing of aromatic side chains against
the sugar ring$.An excellent example of the extensive use of
polar and aromatic residues in binding oligosaccharides can be
observed in the crystal structure of the maltose-binding protein - - . "
(MBP) containing the bound malto3eAs reported by Quiocho tor, Incorporating four_h(_eterocychc recognition groups_based
et al.l the maltose is buried in the binding groove and almost °" 2-aminopyridine unit, is abI(_a to bind dode;z‘}yb-mal_toyde_
completely inaccessible to the bulk solvent. The binding of in chloroform and water-containing chloroform solutions with

maltose results in the formation of eleven direct hydrogen bonds ren:jarkable faffinity?. The hydrogen-borlldin_g recept?r has the
with eight residues of MBP and five indirect hydrogen bonds t€ndency to form strong 2:1 receptanaltoside complexes
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> 10° M~1) in which the biphenyl units of the both receptors
stack on the sugar rings. Furthermore, this receptor shbws
versusa binding selectivity in the recognition of maltosides as

Mazik and Buthe

synthetic receptors in organic media (see also refs 6 and 7) can
make an important contribution to our understanding of the
complex carbohydrate binding processes in nature (recognition

well as di- versus monosaccharide selectiiffor examples of neutral sugars in aqueous solution through noncovalent
of other carbohydrate receptors reported by our group, see refinteractions remains an important challenge in artificial receptor
3; for reviews on carbohydrate recognition with artificial chemistry; for some examples, see refs 3d, 5e, 8).
receptors, see ref 4; for some recent examples of carbohydrate |n this study, we focused on interactions of recepgasnd
receptors operating through noncovalent interactions, see ref 5).2b, incorporating suitably positioned amine and oxime moieties,
Quiochio has shown that the hydrogen bonds between sugarwith neutral carbohydrates in organic media. The receptor
binding proteins and essential recognition determinants on sugarsmolecules were expected to complex carbohydrates through
are shielded from bulk solvent, meaning that they exist in a hydrogen bonds in combination with the interactions between

lower dielectric environmeri-4i Thus, investigations with

(4) (a) Davis, A. P.; James, T. D. IRunctional Synthetic Receptors
Schrader, T., Hamilton, A. D., Eds.; Wiley-VCH: Weinheim, 2005; pp
45-109. (b) Davis, A. P.; Wareham, R. 8ngew. Chem., Int. EA.999

38, 2979-2996. (c) For a review on boronic acid based receptors, using

covalent interactions for sugar binding, see: James, T. D.; Shinkagfs.
Curr. Chem.2002 218 159-200.

the faces of the sugars and the four aromatic rings of the
receptors (similar to the complex between MBP and maltose,
in which the maltose is wedged between four aromatic side
chains, see above; for recent discussions on the importance of
carbohydrate-aromatic interactions, see ref 9). The interactions
involving pairs of OH--N hydrogen bonds, which are observed

(5) For recent examples of binding studies with neutral sugars, see refs between oxime functionalities in the crystal structuf®s have

3c—h and: (a) Klein, E.; Ferrand, Y.; Auty, E. K.; Davis, A. Bhem.
Commun2007, 2390-2392. (b) Takeharu, H.; Nakamura, M.; Fukazawa,
Y. Heterocycles2006 68, 2477-2482. (c) Francesconi, O.; lenco, A.;
Moneti, G.; Nativi, C.; Roelens, Angew. Chen2006 118 7185-7195.
(d) Abe, H.; Aoyagi, Y.; Inouye, MOrg. Lett 2005 7, 59-61. (e) Klein,

E.; Crump, M. P.; Davis, A. PAngew. Chem., Int. EQRR005 44, 298
302. (f) Ten Cate, M. G. J.; Reinhoudt, D. N.; Crego-CalamaJMOrg.
Chem.2005 70, 8443-8453. (g) Abe, H.; Masuda, N.; Waki, M.; Inouye,
M. J. Am. Chem. So@005 127, 16189-16196. (h) Yi, H.-P.; Shao, X.-
B.; Hou, J.-L.; Li, C.; Jiang, X.-K.; Li, Z.-TNew J. Chen2005 29, 1213~
1218. (i) Lee, J.-D.; Greene, N. T.; Rushton, G. T.; Shimizu, K. D.; Hong,
J.-1.Org. Lett 2005 7, 963-966. (j) Benito, J. M.; Meldal, MQASR Comb.
Sci. 2004 23, 117-129. (k) Gupta, G.; Lowe, Ch. Rl. Mol. Recognit.
2004 17, 218-235. (I) Velasco, T.; Lecollinet, G.; Ryan, T.; Davis, A. P.
Org. Biol. Chem2004 2, 645-647. (m) Fang, J.-M.; Selvi, S.; Liao, J.-
H.; Slanina, Z.; Chen, C.-T.; Chou, P.-J..Am. Chem. So@004 2, 645—
647. (n) Welti, R.; Abel, Y.; Gramlich, V.; Diederich, Helv. Chim. Acta
2003 86, 548-562. (0) Wada, K.; Mizutani, T.; Kitagawa, $.Org. Chem.
2003 68, 5123-5131. (p) Segura, M.; Bricoli, B.; Casnati, A.; Mon, E.
M.; Sansone, F.; Ungaro, R.; Vicent, @.Org. Chem2003 68, 6296-
6303. (q) Welti, R.; Diederich, Fdelv. Chim. Acta2003 86, 494-503.

(r) Dukh, M.; Saman, D.; Lang, K.; Pouzar, V.; Cerny, |.; Drasar, P:]Kra
V. Org. Biomol. Chem.2003 1, 3458-3463. (s) Ishi-l, T.; Mateos-
Timoneda, M. A.; Timmerman, P.; Crego-Calama, M.; Reinhoudt, D. N.;
Shinkai, S.Angew. Chem., Int. ER003 42, 2300-2305.

(6) The importance of the model studies in organic media has been
pointed out by Gokel et al.: Pajewski, R.; Ferdani, R.; Pajewska, J.; Li,

R.; Gokel, G. W.J. Am. Chem. So2005 127, 18281-18295: “In a recent
and excellent review by Kubik and co-workers titled ‘Recognition of Anions

inspired the using of the oxime groups as hydrogen-bonding
sites for carbohydrates. The three oxime groups of the receptors
2a and 2b were expected to participate in oximBl---HO—
sugar=N—OH:---OH—sugar, and&=N—OH---O—ring hydrogen
bonds with the essential recognition determinants on sugars.
Furthermore, the hydrogen bonds between the suitable posi-
tioned amine groups of the receptors and the hydroxy groups
of the sugars were expected to provide further stabilization of
the receptorsugar complexes. The formation of the above-
mentioned interactions was also indicated by molecular model-
ing studies.

The potential of oxime-based receptors in carbohydrate
recognition has not been explored so far. It should be also noted
that oximedP have received far less attention in supramolecular
chemistry than other compounds such as carboxylic acids and
amidest!

Results and Discussion

To evaluate the recognition capabilities of recep@asand
2b in aprotic solvents, such as chloroform, and compare the
binding properties with the properties of the previously published

by Synthetic Receptors in Aqueous Solution,’” the authors state that ‘the receptors, the dodecgtp-maltoside 8), dodecyla-p-maltoside

chemistry of life mainly takes place in water..."” While this is true in the

broadest sense, relatively little biological chemistry takes place in bulk water

(4) and octyl 5-p-glucopyranosideX) were selected as sub-

per se. Instead, biological reactions and interactions occur in or between Strates.

proteins or membranes or both. Assuredly, cytosolic proteins interact with

numerous species, but most recognition, catalysis, signaling, and other
processes occur in enzyme pockets or in or on membranes. This contradic
tion in medium requirements presents the organic chemist with the challenge

Molecular modeling calculations indicated that the acyclic
scaffold of 2a and 2b provides a cavity of the correct shape

and size for disaccharide encapsulation (see Figure 1a). In the

of developing a model system that is truly suitable for the study of biological case of monosaccharide, two molecules can be bound into the

phenomena.”
(7) Many biological interactions occur in enzyme pockets or in mem-

branes, meaning that they occur in an environment with a lower dielectric

cavity of the receptors (see Figure 1b).
Compounds2a and 2b were obtained by oximation of the

constant relative to the bulk solvent. For this reason, many theoretical studiescorresponding ketoneka and 1b, which were prepared via a

on different enzyme model systems have been performed in a medium with

a lower dielectric constant (mostly= 5.7). See, for example: (a) Cho,
K.-B.; Moreau, Y.; Kumar, D.; Rock, D. A.; Jones, J. P.; ShaikC&em.
Eur. J. 2007 13, 4103-4115. (b) de Visser, S. P.; Shaik, S.; Sharma, P.
K.; Kumar, D.; Thiel, W.J. Am. Chem. So@003 125 15779-15788. (c)
de Visser, S. PJ. Phys. Chem. A22005 109, 11050-11057.

(8) (a) Krd, V.; Rusin, O.; Schmidtchen, F. Rrg. Lett.2001 3, 873—
876. (b) Hubbard, R. D.; Horner, S. R.; Miller, B. I. Am. Chem. Soc.
2001 123 5810-5811. (c) Yanagihara, R.; Aoyama, Yetrahedron Lett.
1994 35, 9725-9728.

(9) For recent discussion on the importance of carbohyeiatematic
interactions, see: (a) Terraneo, G.; Potenza, D.; Canales, A‘ndimme
Barbero, J.; Baldridge, K. K.; Bernardi, A. Am. Chem. So@007, 129,
2890-2900. (b) Chaez, M. I.; Andreu, C.; Vidal, P.; Aboitiz, N.; Freire,
F.; Groves, P.; Asensio, J. L.; Asensio, G.; Muraki, M.; @da, F. J.;
Jimenez-Barbero, JChem. Eur. J2005 11, 7060-7074.
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FIGURE 1. (a) Energy-minimized structure of the 1:1 complex formed between rec2ptand 5-maltoside3. (b) Energy-minimized structure
of the 1:2 receptorsugar complex formed between recep2brand -glucopyranosidé. MacroModel V.6.5, Amber* force field, Monte Carlo
conformational searches, 100000 steps. Color code: receptor C, blue; receptor N, green; receptor O, red; the sugar molecules are highlighted in

yellow or orange.

FIGURE 2. Molecular structure oflain the crystal (CHG molecules are included in the crystal), top and side views.

reaction of 1,3,5-tris(bromomethyl)-2,4,6-trimetH¥ler -2,4,6-
triethylbenzen® with 3-aminoacetophenone (see the Experi-
mental Section). The crystal structureslafand1b are shown
in Figures 2 and 3, respectively (the crystald afvere obtained

(12) Van der Made, A. W.; van der Made, R. B.Org. Chem1993
58, 1262-1263.

(13) (a) Cabell, L. A.; Best, M. D.; Lavigne, J. J.; Schneider, S. E;
Perreault, D. M.; Monahan, M.-K.; Anslyn, E. \J. Chem. Soc., Perkin
Trans.2001 2, 315-323. (b) K. J. Wallace, R. Hanes, E. Anslyn, J. Morey,
K. V. Kilway, J. Siegel, JSynthesi2005 2080-2083.

from methanol/chloroform solution, those b from toluene/
ethyl acetate solution). It should be noted that the threeGcH
(=0)-substituted phenyl rings dfa and 1b point to the same
face of the central phenyl ring.

The interactions of the receptors and carbohydrates were
investigated byH NMR and fluorescence spectroscdpy®The
IH NMR binding titration data were analyzed using the Hostest
5.6'6 and the HypNMR 2006 progrartig(stoichiometry of the
receptor-sugar complexes was determined by mole ratio plots

J. Org. ChemVol. 72, No. 22, 2007 8321
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FIGURE 4. (a) Partial'H NMR spectra (500 MHz, CDG) of 2b after addition of (from bottom to top) 0.00, 0.15, 0.30, 0.46, 0.60, 0.81, 1.01,
1.31, 1.66, 2.17, 2.78, 3.13, 3.63, and 4.04 equig-ofialtoside3 ([2b] = 0.93 mM). Shown are chemical shifts of the phenyl CH resonances of
2b (protons A, B, and D; for labeling, see formuh). (b and c) PartiatH NMR spectra of2b after addition of (from bottom to top) 0.00, 0.15,
0.30, 0.45, 0.61, 0.82, 1.02, 1.32, 1.68, 2.19, 2.81, 3.16, 3.67, 4.08, 4.34 and 4.59 emumatibsides ([2b] = 0.93 mM). Shown are chemical
shifts of the phenyl CH and GHesonances da2b (protons A, B, D, and E; for labeling, see formiia).

and by the curve-fitting analysis of the titration data). The signal due to the amine NH moved downfield with strong
fluorescence binding ftitration data were analyzed using the broadening and was almost unobservable after the addition of

Hyperquad 2006 prografi.

Binding Studies with Disaccharides 3 and 43-Maltoside
3 is poorly soluble in CDG but could be solubilized in this
solvent in the presence of the recepfa or 2b, indicating
favorable interactions betwe&uwand2a/2b. Thus, the receptor
in CDCl; was titrated with a solution of maltoside dissolved in
the same receptor solution. The complexation betwzspb
and disaccharid® was evidenced by several changes in the
NMR spectra. During the titrations &fa and 2b with 3 the

(14) (a) The binding constants were determined in chloroform &5
by titration experiments. Dilution experiments show that receptors do not

self-aggregate in the used concentration range. For each system, at lea:

threeH NMR titrations were carried out; for each titration-180 samples
were prepared (for a description of titration experiments with malta3ide
and glucopyranosid®, see the Supporting Information). (b) Error in a single
Ka estimation was<10%. (c)Ka1 corresponds to the 1:1 association constant.
Kaz corresponds to the 1:2 receptor/sugar association congantka1Kap-

(15) (a) For each system at least two fluorescence titrations were carried

out; for each titration 20 samples were prepared. (b) Error in a skgle
estimation was<15%.

(16) Wilcox, C. S.; Glagovich, N. M. Program HOSTEST 5.6; University
of Pittsburgh: Pittsburgh, PA, 1994.

(17) Gans, P. University of Leeds, 2006.

8322 J. Org. Chem.Vol. 72, No. 22, 2007

only 0.4 equiv ofs-maltoside3. The oxime OH signal shifted
downfield by about 1.8 ppm with broadening; the addition of 1
equiv of sugar3 led to practically complete complexation of
2a or 2b. Furthermore, théH NMR spectra showed changes
in the chemical shifts of the CHprotons F), CH (protons E),
and phenyl CH resonances2d and2b (Figure 4). The signals
of the CH and CH protons moved upfield by-0.07 and 0.08
ppm, respectively (splitting of the GH$ignal of2aand2b was
observed after the addition of about 0.6 equiBpfThe signals
due to the phenyl CH protons shifted up- (protons B) or
Sgownfield (protons A, C, D) in the range of 0.88.16 ppm
with broadening, as shown in Figure 4a. The shifts of the,CH
CHs and aromatic CH protons &a or 2b were monitored as

a function of sugar concentration. A typical titration plot is
shown in Figure 5a. Both the fitting the titration data and the
mole ratio plots (see Figure S11, Supporting Information)
indicated the formation of complexes with 1:1 binding stoichi-
ometry. The association constant of 96400 MK,y was
determined foRa- 3, whereas that fo2b-3 amounted to 100500
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FIGURE 5. Plot of the observed (x) and calculated)(chemical shifts of the phenyl CH resonance2af(0.90 mM) as a function of added
f-maltoside3 (a), phenyl CH resonances 8b (0.93 mM) as a function of addegt-maltoside4 (b), and oxime OH resonances 21 (1.00 mM)
as a function of addefl-glucopyranosidé (c). The [receptor]/[sugar] ratio is marked.
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FIGURE 6. Fluorescence titration of recept@b with 5-maltoside3 (a) anda-maltoside4 (b) in CHCE; [2b] = 0.22 and 0.18 mM; equiv 3
= 0.00, 0.10, 0.21, 0.31, 0.42, 0.52, 0.63, 0.73, 0.84, 0.94, 1.05, 1.26, 1.47, 1.68, 1.89, 2.10, 2.53, 2.95, 3.37, 3.58} eqQi0@®f0.11, 0.22,
0.33, 0.43, 0.54, 0.65, 0.76, 0.87, 0.98, 1.09, 1.30, 1.52, 1.73, 1.95, 2.17, 2.60, 3.04, 3.47, 3.69.

M1 (the binding constants are almost too high to measure by example, see Figure 5b); The binding constantZbr4 was
NMR techniqué®). found to be 65300 M! (K,1).140€ Thus, IH NMR titrations

o-Maltoside4 is almost insoluble in CDGlbut could also indicated that the recept@b exhibited about 1.5-fold higher
be solubilized in this solvent in the presence of the recefitor  affinity for S-maltoside3 than for thea-anomer4.

(in contrast to our previously described studies with the  The formation of strong complexes between the recejRars
biphenyl-based recepfr The 'H NMR titrations of2b with o 2y and disaccharide$ or 4 was also confirmed by
a-maltoside4 produced similar spectral changes as those with fjyorescence spectroscopy. The fluorescence titration experi-
p-maltoside3. The amine NH resonances 21 broaden during  ments were carried out by adding increasing amounts of the
the titration and were almost unobservable after the addition of sugar3 or 4 (both disaccharides are soluble in CH@i the
about 0.4 equiv oti-maltosided. The signal due to the oxime  concentration range required for fluorescence titrations) to a
OH of 2b moved downfield by~1.60 ppm with strong  cycy, solution of the receptdaor 2b (for example, see Figure

broadening; after the addition of 1 equiv of sugaalmost no ) The pest fit of the titration data (at 396 nm) was obtained
more change was observed in the NMR spectra. In addition, yith 1:1 pinding model; the formation of the 1:1 complexes

the signals due to the Gtand CH protons shifted upfield by |\ < ¢/ rther su . A~

; o ; pported by the mole ratio plots. The binding
~0.06 and 0.10 ppm, respectively (splitting of the {ignal constant for2a-3 was found to be 93000 M, that for 2b-3
of 2b was observed after the addition of about 0.6 equikof -+t 98900 M. The binding constants f@a-4 and
see Figure 4c Similar to the titration with3-maltoside3, the ob-4 were found to be. 58600 and 62000-M respectively
slgnt?]ls of the phe;ngl (()Zel-éplrgtonsbbzhlfted l:ﬁ atr)td (:pwnflglg Thus, the binding constants are comparable with those deter-
(in the range of 0.080.12 ppm) during the fitration wi mined on the base of the NMR spectroscopic titrations.

o-maltoside4, as shown in Figure 4b. The fit of NMR shift . . .
changes of the methyl, methylene and phenyl CH resonances According to molecular modeling calculations the 1:1 recep-
agreed again with 1:1 receptesugar binding model (for tor—maltoside complexes can potentially be stabilized by several
hydrogen bonds between the OH groups of the sugar and the
(18) For a review discussing the limitations of the NMR method, see: @mine-NH, oxime-OH, and oxime-N of the recepRa or 2b.

Fielding, L. Tetrahedron200Q 56, 6151-6170. Furthermore, CH-N/O hydrogen bonds and interactions of

J. Org. ChemVol. 72, No. 22, 2007 8323
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FIGURE 7. Partial'H NMR spectra (500 MHz, CDG) of 2b after addition of (from bottom to top) 0.00, 0.46, 0.92, 1.61, 1.84, 2.77, 3.69, 4.39,
5.08, 6.01, 7.16, 8.32, 9.01, 9.94, and 10.86 equi& b] = 1.01 mM). Shown are chemical shifts of the £), phenyl CH (b), and oxime

OH (c) resonances &b (for labeling, see formul&b).

sugar CHs with the phenyl groups of the receptor molecule a)

should provide an additional stabilization of the receptrgar
complex. In the case dtb-3, the 2- and 4-OH groups and the
ring oxygen atom of the glucosyl unit g2 (for labeling see
formula3) participate in NH--OH-2,=N—OH---OH-4, and=
N—OH:---O-ring hydrogen bonds, respectively. The 2- and 3-OH
groups of the g1 unit are involved in hydrogen bonds with two
NH groups of the receptor (NOH-2, NH---OH-3). In
addition, the 3-OH group of the g1 unit participates in ©H
Ph interaction. The CH-3 and -5 of the g2 unit are involved in
CH---N interactions with the oxime-N, whereas the CHs in the
positions 1, 3 and 5 of the gl unit participate in GH-
interactions (CH- distances, 2:62.9 A) with the phenyl ring

of the recepto2b (see Figure 1a).

Binding Studies with $-Glucopyranoside 5.The 'H NMR
titration experiments witlf-glucopyranosid® were carried out
by adding increasing amounts of the sugar to a GB3Glution
of the receptoRa or 2b. Similar to the binding studies between
2al2b and sugar8 or 4, the complexation betwee2a/2b and
glucopyranosides was evidenced by several changes in the

NMR spectra. However, whereas after the addition of 1 equiv
of B- or a-maltoside almost no more change was observed in
the chemical shift of the receptor signals, with the monosac-

charide5 chemical shift changes continue to higher [sugar]/
[receptor] ratios. During the titration with the signal due to
the amine NH of2a/2b moved downfield by about 1.5 ppm
(after the addition of 5 equiv of sugar). In contrast to the
titrations with disaccharide3and4, the NH signal oRaor 2b
was still observable even after the addition of 10 equi\b.of
The oxime OH signal shifted significantly downfield by about
2.2 ppm with broadening (see Figure 7c). Furthermorelithe
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FIGURE 8. Partial*H NMR spectra (500 MHz, CDG) of S-glu-
copyranosidé after addition of (from bottom to top) 0.04, 0.09, 0.19,
0.24, 0.29, 0.33, 0.38, 0.43, 0.55, 0.62, 0.70, 0.84, 0.96, and 1.08 equiv
of receptor2b ([5] = 1.20 mM). Shown are chemical shifts of the OH
(a) and CH-2 and CH-5 (b) resonancescdiin Figure 8a the signals
due to GH,CHjs of 2b are also shown).

frame, exhibits about 1.5-fold higher affinity for sugathan
the receptoRa, based on 2,4,6-trimethylbenzene unit.

In addition, the interactions betwe&mand2b were investi-
gated on the base of inverse titrations in which the concentration
of pyranosidés was held constant and that of rece®brvaried.
During the titration of5 with 2b the signals due to the OH
protons of5 shifted downfield with strong broadening and were
almost unobservable after the addition of only 0.2 equi2lof
(see Figure 8a), indicating important contribution of the OH
groups of5 to the complex formation. The complexation

NMR spectra showed changes in the chemical shifts of the petween5 and 2b was further evidenced by chemical shift

phenyl CH’s (up- or downfield shifts in the range of 0-07
0.16 ppm), CHand the CH protons (upfield shifts, in the range
of 0.04-0.09 ppm), as illustrated in Figure 7a,b. The curve

changes of the CH units & Among the CH signals, the signal
of the CH-2 protorb shows the largest shift (upfield shift by
0.12 ppm, after the addition of 1 equiv @b, see Figure 8b).

fitting of the titration data suggested the existence of 1:1 and Interestingly, the participation of the CH-2 in Cht interactions

1:2 receptormonosaccharide complexes in the chloroform
solution (typical titration curve is shown in Figure 5c). The
binding constants fo2a-5 were found to be 1431 and 1380
(Kap M1 (B, = 1.93 x 10° M~?), whereas those fo2b-5
amounted to 170K, and 1730 Ky M1 (B2 = 2.98 x 1P
M—2).14¢ Thus, the recepta2b, based on 2,4,6-triethylbenzene
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was also indicated by molecular modeling (see Figure 1b).
Interaction betweer2a or 2b and glucopyranosidé could

also be detected by fluorescence (fluorescence intensity de-

creased with increasing monosaccharide concentration); how-

ever, the spectral changes observed during the fluorescence

titrations with glucopyranosidgwere less substantial than those
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FIGURE 9. Partial'H NMR spectra (400 MHz, CDG) of 1a after
addition of (from bottom to top) 0.006.11 equiv of5 ([1a] =
0.87 mM).

observed during the titrations with disacchari®and4. The
analysis of the titration data confirmed the mixed 1:1 and 1:2
receptor-glucopyranoside binding model; the binding constants
determined on the base of fluorescence titrations in GM@te

JOC Article

strong 1:1 receptersugar complexes witfi- and o-maltoside
(the both glucose units of the disaccharide have the possibility
to interact with four phenyl rings of the receptor, these
interactions seem to be responsible for the 1:1 binding stoichi-
ometry, as indicated also by molecular modeling calculations),
in contrast to the previously described biphenyl-based recéptor,
which has the tendency to form strong 2:1 receptugar
complexes with3-maltoside3 (the biphenyl units of the both
receptors stack on the disaccharide rings).

The NMR and fluorescence spectroscopic binding studies
with S-glucopyranosid® suggested the formation of complexes
with 1:1 and 1:2 recepterglucopyranoside binding stoichiom-
etry (with overall binding constarit, ~ 10° M—2). The binding
constants foRa-5 were found to be 140K3;) and 1380 Kao)

M~1 (8, = 1.93 x 1P M~?), whereas those fdlb-5 amounted

t0 170 Kaz) and 1730Kap) M1 (B2 = 2.98 x 10° M~2). Thus,
the receptoRb, based on 2,4,6-triethylbenzene frame, exhibits
about 1.5-fold higher affinity for sugds than the receptaza,
based on 2,4,6-trimethylbenzene unit.

Both hydrogen bonding (for example, NHOH—sugar,=
N—OH:--OH—sugar, oxime-N---HC—sugar, phenytCH---
O—sugar) and interactions of the sugar CH'’s with the phenyl
rings’20 of the receptoRa or 2b contribute to the stabilization
of the receptorsugar complexes (the phenyl group2afand

comparable with those determined on the base of the NMR 2p provide apolar contacts to a saccharide, similar to sugar-

spectroscopic titrations.

Comparative binding studies between the ketdmeand
p-glucopyranosid® confirmed the expected very weak interac-
tions between the binding partners. During tH¢ NMR
titrations of the compounda with -glucopyranosideés the
signal due to the NH ofa shifted downfield by only 0.05 ppm,
whereas the CH, CHand CH signals ofla almost did not
move (A6 < 0.01 ppm; in contrast to the marked spectral
changes observed during the titrations of the oxime-b2sed
with 5), as shown in Figure 9. Thus, the results of the NMR

binding proteins, which commonly place aromatic surfaces
against patches of sugar CH groups).

The selective recognition of neutral carbohydrates by synthetic
receptors still represents a significant challenge; thus, artificial
carbohydrate receptors operating through noncovalent interac-
tions provide valuable model systems to study the basic
molecular features of carbohydrate recognition.

Experimental Section

titrations indicate that the corresponding ketones are not suitable Analytical TLC was carried out on silica gel 60,55 plates

receptors for the recognition of carbohydrates.

Conclusion

employing ethyl acetate/toluene (3:1, v/v) as the mobile phase.
Melting points are uncorrected. Dodegyb-maltoside 8), dodecyl
o-D-maltoside 4), and octyl 5-p-glucopyranoside 5) are com-
mercially available.

Representatives of a new series of acyclic receptors containing General Procedure for the Synthesis of 1a and 1bTo a
neutral hydrogen-bonding sites, such as amine and oximemixture of 1,3,5-tris(boromomethyl)-2,4,6-trimethyl- or -2,4,6-tri-
groups, were prepared and their binding properties toward &thylbenzene (3.50 mmol) and,&0; (11 mmol) in CHCN

neutral sugar molecules studied. The formation of complexes

has been characterized By NMR spectroscopy and confirmed

by a second, independent technique, namely fluorescenc

spectroscopy. The artificial recepto?a and 2b have been
established as highly effective receptorsfeanda-maltosides

3 and4.2® In CDCl; the binding constants fd2a-3 and 2b-3
were found to be 96400 and 100500 Mrespectively; those
for 2a-4 and 2b-4 amounted to 58600 and 62000 K/
respectively.'H NMR titrations indicated that the receptors
exhibited about 1.5-fold higher affinity fg#-maltoside3 than
for the a-anomer4. The binding constants determined on the
base of fluorescence titrations in CHGIre comparable with

those determined on the base of the NMR spectroscopic

titrations. Both receptor®a and2b have the tendency to form

(19) (a) For an example of macrocyclic receptor, which is able to
distinguish between the octgtp-maltoside and octyb-p-glucopyranoside
in organic media (CBCN/CD;0D, 88:12 v/v), see: Neidlein, U.; Diederich,
F. Chem. Communl1996 1493-1494. (b) Selective recognition of

(100 mL) was added dropwise a @EN (20 mL) solution of
3-aminoacetophenone (14 mmol). The mixture was heated under
reflux for 36 h. After filtration and evaporation of solvent, the crude

eproduct was crystallized from chloroform/ethanol or chloroform/

methanol.
1,3,5-Tris[(3-acetylphenyl)aminomethyl]-2,4,6-trimethylben-
zene (la).Yield: 63%. Mp: 108-110 °C. 'H NMR (400 MHz,
CDCly): 6 2.42 (s, 9 H), 2.59 (s, 9 H), 3.64 (br s, 3 H), 4.32 (s,
6 H), 6.80 (dt,J = 7.4 Hz/1.9 Hz, 3 H), 7.30 (m, 9 H}3C NMR
(100 MHz, CDC¥): ¢ 15.8, 26.7,43.4, 110.9, 117.6, 118.2, 129.4,
133.8, 137.1, 138.3, 148.4, 198.6. HRMS: calcd fagHzoN3053
561.2986, found 561.299R; = 0.70.
1,3,5-Tris[(3-acetylphenyl)aminomethyl]-2,4,6-triethylben-
zene (1b).Yield: 60%. Mp: 240-241°C. *H NMR (400 MHz,
CDCly): 6 1.25 (t,J = 7.4 Hz, 9 H), 2.59 (s, 9 H), 2.76 (d,=
7.4 Hz, 6 H), 3.66 (br s, 3 H), 4.29 (s, 6 H), 6.86 (dt= 7.2
Hz/1.9 Hz, 3 H), 7.32 (m, 9 H)}*3C NMR (100 MHz, CDC}): o
16.9, 22.9, 26.8, 42.3, 110.8, 117.5, 118.2, 129.4, 133.1, 138.3,

(20) For examples of CHu interactions in the crystal structures of the

oligosaccharides is still rare; for a recent review, see ref 4a; for recent complexes formed between artificial receptors and carbohydrates, see ref

examples, see refs 2 and 5a.

3f.
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143.9, 148.2, 198.7. HRMS: calcd fogdEl4sN303 603.3455, found MHz, DMSO-dg): 6 1.19 (t,J = 7.3 Hz, 9 H), 2.11 (s, 9 H), 2.72

603.3449 R = 0.67. (m, 6 H), 4.17 (dJ= 3.6 Hz, 6 H), 5.24 (tJ = 3.6 Hz, 3 H), 6.75
General Procedure for the Synthesis of 2a and 2ihe mixture (dd,J = 8.1 Hz/1.5 Hz, 3 H), 6.87 (d] = 7.8 Hz, 3 H), 7.01 (s,

of compoundla or 1b (0.5 mmol), hydroxylamine hydrochloride 3 H), 7.13 (m, 3 H), 11.02 (s, 3 H}3C NMR (100 MHz, DMSO-

(6 mmol), and sodium hydroxide (5 mmol, added as a 20% aqueousds): 6 11.7, 16.5, 22.6, 40.1, 109.0, 112.7, 113.9, 128.8, 132.7,

solution) in aqueous ethanol (30 mL) was refluxed &h (the 137.7,142.9, 148.7, 153.4. HRMS: calcd faridigNsOs 648.3782,

solution was monitored by TLC). After the reaction mixture was found 648.3777R; = 0.80.

cooled, sodium hydroxide (1 mmol) was added, and the reaction

mixture was stirred for 1 h. After the addition of water (15 mL) Acknowledgment. This work was supported by the Deutsche

and evaporation of ethanol, the precipitate was filtered off and Forschungsgemeinschaft. We thank Prof. Dr. Peter G. Jones

crystallized from ethanol. . . (Institut fir Anorganische and Analytische Chemie der Tech-
1,3,5-Tris[(3-acetylphenyl)aminomethyl]-2,4,6-trimethylben-  pjschen UniversitaBraunschweig) for performing the X-ray

zene Trioxime (2a).Yield: 67%. Mp: 176-171°C.*H NMR (400 measurements.

MHz, DMSO-dg): ¢ 2.11 (s, 9 H), 2.36 (s, 9 H), 4.16 (d,= 4.1

Hz ,6 H), 5.29 (tJ = 4.1 Hz, 3 H), 6.75 (ddJ = 8.1 Hz/1.5 Hz,

3 H), 6.86 (dJ=7.8Hz,3H),7.01 (s, 3H),7.12 (m, 3 H), 11.00

(s, 3 H).13C NMR (100 MHz, DMSOds): 6 11.7, 15.4, 42.6, 109.2,

112.6,113.7,128.7, 133.2, 136.2, 137.6, 148.9, 153.4. HRMS: calcd

for CgeH42N6O3 606.3313, found 606.331% = 0.83.
1,3,5-Tris[(3-acetylphenyl)aminomethyl]-2,4,6-triethylben-

zene Trioxime (2b).Yield: 80%. Mp: 133-134°C.H NMR (400 JO701370G

Supporting Information Available: 'H and3C NMR spectra
of compoundslab and 2ab (Figures S+S10). Representative
mole ratio plot (Figure S11). Description of titration experiments
with dodecyls-p-maltoside 8) and octyl3-p-glucopyranoside. This
materialis available free of charge via the Internet at http:/pubs.acs.org.
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