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Highly Selective Disaccharide Recognition by a
Tricyclic Octaamide Cage™**

Grégory Lecollinet, Andrew P. Dominey,
Trinidad Velasco, and Anthony P. Davis*

Carbohydrate recognition presents a continuing challenge
to supramolecular chemistry,['! fuelled by the growing aware-
ness of saccharide structures as mediators of biological
events.’)l However, while the biological interest is focussed
largely on oligosaccharides, supramolecular chemists have
concentrated mainly on monosaccharide substrates. A num-
ber of systems show preferential binding of di- versus
monosaccharides,l'“*3 but only a few boron-based receptors
show good selectivity between disaccharides.'>3*3d The latter
employ covalent B—O bond formation, and are thus less
relevant to biological carbohydrate recognition.

We recently described the tricyclic cage receptors 1, which
bind monosaccharide derivatives strongly and selectively
even in the presence of a hydroxylic cosolvent.*! Receptor 1
proved remarkably selective for the all-equatorial $-glucoside
2 as against the a-anomer 3. We now report the synthesis and
binding properties of 4, an “extended analogue” of 1 designed
to accommodate disaccharide substrates. Compound 4 has
proved to be the first receptor capable of distinguishing
clearly between disaccharides through noncovalent interac-
tions.

Receptor 4 was synthesized by two independent routes. In
the first, the tetraaminoterphenyl 5 was prepared as shown in
Scheme 1 and coupled under high dilution with bis(penta-
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Scheme 1. Synthesis of 4 + 7: a) [PdCl,(dppf)], Na,CO; aq. (2m), DMF,
80°C; b) trifluoroacetic acid (TFA), CH,Cl,; ¢) 6, iPr,NEt, THF/DMF, high
dilution. dppf = diphenylphosphanylferrocene.
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fluorophenyl) ester 6. This direct route seemed viable as, for H
steric and geometric reasons, no [1+1] cyclization is possible N
between 5 and 6. The smallest unstrained rings (favored at H 0
high dilution) result from [2+4-2] cyclizations, as required for 4. o
However, a regioisomeric macrotricycle 7 is also possible, and

two cyclized products were indeed formed. Mass spectromet- H11Cs0 4

ric and NMR spectroscopic data were consistent with a

mixture of 4 + 7, but unfortunately the two could not be a)

separated. Pure 4 was therefore prepared by a longer but \
unambiguous sequence (Scheme 2) in which orthogonal

protection in tetracarbamate 9 allowed sequential [2+42]

cyclizations, leading specifically to 4 via 10.

In common with receptor 1, macrotricycle 4 possesses
extended, parallel apolar surfaces linked through spacers b)
containing hydrogen-bond donor and acceptor groups. This
geometry should be compatible with equatorially substituted
carbohydrate derivatives.*?l Accordingly, the all-equatorial n- W L%M
octyl-B-pD-cellobioside 11°°1 was employed for initial binding

studies. In the first instance, 11 was added to the mixure of 4
and 7 in CDCIly/CD;OH (92:8) (the solvent used for NMR
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HO OCHs Figure 1. Partial 'H NMR spectra in CDCL/CD;OH (92:8) of receptor 4
14 s after addition of a) 0, b) 0.4, ¢) 1, and d) 5 equivalents of 11.
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Figure 2. Experimental (m) and calculated () values for the '"H NMR
binding study of 4 + 11 in CDCl,/CD;OH (92:8). [4] =0.5 mm, [11] =0.13-
3.6 mM. T=278 K. Experimental points were obtained by integration of the
signal at 0 =8.8-8.9 (see Figure 1) versus an internal standard (penta-
fluorobenzaldehyde, 6 =10.27). The data were analyzed by using a
nonlinear least-squares curve-fitting program implemented within Excel
2000.

7000m~, slightly higher than the value of 980M~' measured
for 1 + 2 under these conditions.*!] In a control experiment,
glycoside 11 was added to macrocycle 10 under the same
conditions; as expected, no change was observed in the
spectrum of 10.To investigate the selectivity of 4, similar
experiments were performed with octyl glucosides 2 and 3,
octyl fB-p-lactoside 12,1671 octyl B-p-maltoside 13,581 and
dodecyl a-pD-maltoside 14 as substrates. Remarkably, none
of these compounds produced any detectable effect on the
NMR spectrum of the receptor. Moreover, addition of 12 to
(4 + 11) had no effect on the spectrum of the complex. The
implied selectivity was confirmed by two further techniques.
First, irradiation of 4 at 1=285nm caused fluorescence
emission in the ranges 350450 nm and 650-750 nm. Addition
of 11 caused substantial increases in the intensities of both
bands (see Figure S2 in the Supporting Information). Analysis
of the data supported a 1:1 binding model, with K, =2500m™"
(Figure 3).”! In contrast, experiments with 2, 3, and 12-14
showed no sign of complex formation. In each case, addition
of 10 equivalents of glycoside (to 0.3 mm) produced no effect
on the fluorescence of 4. The fluorescence titration of 4 versus
11 was repeated in a less competitive solvent system, CHCl,/
MeOH (98:2), yielding a binding constant of 64000M~! (see
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Figure 3. Experimental (m) and calculated () values for the fluorescence
binding study of 4 + 11 in CHCl;/CH;OH (92:8). [4] =0.03 mM, [11] =
0.065-2.3 mm.
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Figures S3 and S4 in the Supporting Information). Even under
these conditions, addition of lactoside 12 or B-maltoside 13
caused no change in emission (see Figure S5 in the Supporting
Information). Second, weak but unambiguous induced circu-
lar dichroism was observed when 11 was added to 4 in CHCl,/
MeOH (92:8) (see Figure S6 in the Supporting Information).
The spectra were too noisy for quantitative analysis, but
saturation was clearly observed with increasing [11]. Once
again, negative results were obtained with 12 or 13, the
receptor remaining CD-silent.

In conclusion, these experiments seem to reveal an
interaction of unusual specificity between a synthetic receptor
4 and a biomolecular substrate 11. We cannot be absolutely
certain that 4 does not bind the other glycosides, as complex
formation might not induce a change in spectroscopic proper-
ties in these cases. However, the complete absence of any
signal from any other substrate, on employing three quite
different techniques, provides strong evidence for extreme
selectivity. The substrates, moreover, are only subtly different
from each other. For example, 11 and 12 are related by
inversion at a single asymmetric center, at one end of the
structure. Finally, the design strategy seems to have been
validated. The geometry of 4 does indeed favor the “flat” all-
equatorial substrate, supporting the notion that selective
receptors for at least some complex biomolecules are
accessible through rational design and synthesis.
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Dynamic Acylhydrazone Metal Ion Complex
Libraries: A Mixed-Ligand Approach to
Increased Selectivity in Extraction**

Seema Choudhary and Janet R. Morrow*

Metal ion coordination chemistry is well suited to dynamic
combinatorial chemistry approaches.'3] Diverse metal ion
complex libraries can be created simply by mixing a labile
metal ion with different ligands.[* If ligand exchange is rapid,
these metal ion complexes form the equilibrating components
of a dynamic library. The equilibrium between complexes may
be shifted upon addition of molecular targets. For example,
small molecule or biopolymer targets perturb the equilibrium
between metal ion complexes to increase the concentration of
the metal ion complex that best binds the target.>7l We
previously reported on dynamic combinatorial libraries of
metal ion Schiff-base complexes of limited diversity.®! Our
selection protocol utilizes extraction of metal ion complex
libraries from aqueous into organic solvent. In this method,
the organic solvent is the ultimate target and complexes with
the greatest stability and solubility in organic solvent versus
aqueous solution are selected.l”) Here we present studies using
acylhydrazone ligand libraries and show that these libraries
lead to improvements in efficiency and selectivity of metal ion
extraction in comparison to single ligand systems.

Acylhydrazone ligands (Scheme 1) were chosen to explore
the possibility of forming a double-orthogonal library™ by
exchange at metal-ligand (M—L) and C=N bonds.['**¥] Initial
studies were carried out to establish the feasibility of using
these exchange processes. Zn" extracts into chloroform from a
buffered aqueous solution in the presence of two equivalents
of acylhydrazone ligand 1 (Table 1, Scheme 1). The predom-
inant complex that extracts into chloroform is the neutral
complex [Zn(17),] as determined by comparison of 'H NMR
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Scheme 1. Acylhydrazone ligands used in this study.

Table 1. Extraction of Zn>* or Cd** into chloroform by acylhydrazone
ligands.

Metal Ligand Extracted [%]® Metal Ligand Extracted [%]@
Zn** 1 25 Zn** 2 62
Zn** 3 12 Zn** 4 26
Zn** 5 3.0 Zn** 6 28
Zn** 7 9.0 Zn** 8 43
Zn** 9 54 Zn** 10 62
Zn** 11 23 Zn** 12 56
Zn** 13 20 Zn** 14 54
Zn** 15 0 Zn** 16 0
Zn* 17 21 Zn* 18 54
Zn** 19 44 Zn?* 20 64
Zn** 21 0 Zn** 22 12
Zn* 23 1.8 Zn* 24 2.0
Zn** 25 0 Cd*+ 1 15
Cd** 2 48 Ca** 5 2.1
Cd?* 6 3.7 Cd* 7 4.0
Cd** 8 14 Cd*+ 13 13
Cd** 14 32

[a] Extractions were carried out in 5.0 mm Mes buffer (10 mL), 0.100m
NaCl, and CHCl; (1 mL) at 23°C at pH 5.50 for Zn" (0.0500 mm) or
pH 6.50 for Cd" (0.0500 mm) with 0.100 mwm ligand.

and mass spectral data to that of an authentic sample.
After two hours, the extent of extraction of Zn! from a
water/chloroform mixture containing
0.0500 mM [Zn(17),] is identical within
experimental error to a second experi-
ment containing 0.0500 mMm Zn(NO;),
and 0.100 mm 1, confirming that our
system is at equilibrium. Addition of a
different acylhydrazone ligand (13) to
either of the solutions above followed
by stirring for 2 h increases the amount

[Zn(1)2, R = CgHs ]
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