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ABSTRACT

Acetalic substituents strategically located in a pyrrolic tripodal structure provide a new synthetic receptor endowed with unprecedented

affinity for mannosides and the highest selectivity for

descriptor of binding affinity.

f-mannose ever reported for synthetic H-bonding receptors. Binding properties have
been determined by NMR, ITC, and ESI-MS techniques, while affinities have been univocally assessed by the BC

500 parameter, a general

There has been considerable interest in recent years inanomers, is ubiquitously found in glycoconjugates and

synthetic receptors for molecular recognition of carbohy-
drates} fueled by the discovery that many biological
processes crucial for living cells rely on recognition of
specific saccharidesAmong the monosaccharides involved
in recognition processesm-mannose, both as and S
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essential for various biological functions. For example,
mannose is the terminal sugar of most N-glycaasting as

a marker in recognition processes, and is found in unusual
density on the glycan shield of HI¥On the other hand,
mannose is specifically recognized by several proteins
widespread in living organisms, from viruses and bacteria
to plants and animals, such as the lectin concanavalin A (Con
A), the mannose binding proteins (MBPs), and the human
mannose receptor (hMR).

Despite the prominent role of mannose in glycobiology,
most synthetic receptors reported in the literature preferen-
tially bind to glucosé,whereas receptors showing some level
of preference for mannose are rérand as far as we are
aware of, neutral synthetic H-bonding receptors specifically
recognizing mannose have not yet been reported. In the

(3) Scanlan, C. N.; Offer, J.; Zitzmann, N.; Dwek, R. Rature 2007,
446, 1038—1045.



present Communication, we wish to describe a new membe

of a family of tripodal receptors that specifically recognizes

mannosides, even in a polar solvent, with unprecedented 5 Ho OH

affinity and, to the best of our knowledge, with the best HO Q g&h

selectivity reported up to date for thifemannosyl residue. o/(CH2>7CH3 HO HO o/(CHZ”CH3
We recently described a new generation of cydli and oGle oGal

acyclic® (2) receptors featuring pyrrolic binding sites, which BGlc BGal

proved to effectively and selectively bind to monosaccharides

(Figure 1). In an effort to expand on recognition properties, Hg% HQO&&M
HO o _(CHy),CH; HO o/<CHz)7CH3

Vi,
b .
NH HN HN = NH HN/ HN\
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HN N HN . . . .
A 7 HN NH HN often found as epitopes in recognition events. Association
HN 7
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constants were measured by NMR titrations in CDC} at
Figure 1. Pyrrolic receptors.

AcHN
aMan oGlcNAG
BMan BGIcNAc

Figure 2. Monosaccharides tested in recognition experiments.

T = 298 K, following a previously established protocol;
2 results are reported in Table 1 as cumulative binding

1

Table 1. Cumulative Association Constants (I8g) for 1:1
and 2:1 Complexes of Receptdrand Octyl Glycosides and
we thought these could be significantly improved by Corresponding B&P (M) Values for3 and2 in CDCls?
implementing additional H-bonding groups into the_ scaffold glycoside log 1 log fia1 BCx?(3) BCa (2
of 2. Molecular models (see Supporting Information) sug-

gested, although only qualitatively, that acetalic substituents Z((}}llc i'ig i g'gi ‘;'gﬁ i 8'(1)3 230;320 210;;20
located in thea position of pyrroles may assume a - q,) 2.651 £ 0.005 n.d.c 2250 £20 790 + 20
convergent geometry which may be appropriate for binding, g, 3.730 + 0.002 5044005 185+1  70+1
acting as H-bonding acceptors. _ _ aMan ~ 554+£012 9714018 28+07 43+1
The triacetalic recepto8 was readily available in 85%  gMan d d <1 3741

yield by condensation of the triamidlewith the appropriate aGlcNAc 518 £0.02  8.94+£0.04 6.4+03 7247
aldehyde 57 through a previously described procedure AGIcNAc 5.14+£0.03  9.08+£0.04 6.9+05 1841

(Scheme 1j. aMeasured byH NMR (400, 900 MHz) from titration experiments at
T = 298 K on 0.2—1.1 mM stock solutions of glycoside for receptor
concentrations up to 20 mM. F@, log Bdim = 0.075+ 0.017. BG°
calculated using the “B& Calculator” (see Supporting Informatio)Data

Scheme 1. Synthesis of Recept@® from ref 6.¢ Nondetectabled Too large to be measured.
HoN
.
’ . A\ % 0,0 % constants (see Supporting Information). Since 1:1 and 2:1
(@) CHCl,, 1, 12h 5 o i 00 host-to-guest adducts were detected, in addition to dimer-
+ —_————

() NaBH, MeOH /™ NH ization of the receptor, gffinities were asse;sed by.thgb‘BC
QCO L o ™30 min, 85% L8 ™ HoHN parametef;? a generalized affinity descriptor univocally
N \,—/é/\ defining the binding ability of a receptor in chemical systems
o\ involving multiple equilibria. The B&® descriptor is defined
5 3 as the total concentration of receptor necessary for binding
50% of the ligand when the fraction of bound receptor is

The recognition properties &were tested versus the set  zero; thus, the lower B, the higher the affinity. The B&
of octyl glycosides of the monosaccharides in Figure 2, most values calculated from cumulative binding constants are
reported in Table 1, together with those previously obtained
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Figure 3. (+) ESI-MS spectra of: (AB + fMan, 0.2 mM each;

(B) 3+ aMan, 0.2 mM each; (C} + aGal, 0.2 mM each; (DB

+ pBGlc pentaacetate, 0.2 mM eacim/z 829.5, [3+ H]*; m/z

1121.7, B-glycoside+ H]*; m/z1144.8, (impurity). Solvent CHs-
CN; ESI voltage= 6 kV; orifice = 46 V.

apparent that, compared & affinities are lower for Gal

the most striking result is the affinity exhibited fgiMan,

constants were too large to be measurediyNMR, but
an upper limit of 1uM for BCse® could be inferred by
comparison with the titration data ofMan. As far as we
are aware, this is the largest affinity ever reported for a

more than 800 betweeaMan andaGal, and expectedly
much larger betweefiMan andaGal. In contrast, poorer
discrimination is observed betweemMan and o- and
BGIcNACc, although selectivity may be anticipated to be
significant forfMan. We believe this affinity pattern has to
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Figure 4. CID MS/MS analysis of the complex detected as the
[M + H]* ion atm/z1121.7. Products: 1121.7 ([M H]*, solid
line), 829.5 (B + H]*, dotted line). Solvert= CH;CN; ESI voltage

= 6 kV; sampling cone potentia 46 V; signal acquisition=
1.11 min, 109 scans over collision energies from 6 to 60 eV in 0.5
eV steps; collision gas pressure ®)3.0 x 10°° Torr. (A): 3 +
BMan, 0.2 mM each; crossing poirt 19.0 eV. (B): 3 + aMan,

0.2 mM each; crossing poirt 14.5 eV. (C): 3 + aGal, 0.2 mM
each.

the amidic NH of GIcNAc and the axial hydroxyl of Man,

in contrast to other glycosides, can establish with the acetal
group. Support for this interpretation is provided by the
strong downfield shift of the amidic NH proton observed
upon binding for both anomers of GIcNAc, indicative of
H-bond formation and absent with a lack of acetalic

but higher for GIcNAc and even more for Man, spanning a Substituents, concomitant to the corresponding upfield shift
selectivity range exceeding 3 orders of magnitude. However, Of the acetyl protons, due to aromatic ring current shielding,
both pointing to an orientation of the acetylamino moiety
which is estimated in the nanomolar range. Indeed, binding orthogonal to the pyranose ring plane, with the NH bond
directed toward the acetalic groups in a fashion similar to
that of the axial hydroxyl of mannose (see Supporting
Information)?

To assess the affinity & for fMan, rather than evaluating

synthetic receptor for mannose. Selectivity versus other binding constants by a different technique, we thought it

glycosides is also noteworthy, with an outstanding factor of would be more informative and significant to measure
affinities in a more competitive solvent. Association constants

measured in CECN are reported in Table 2, together with
the corresponding B4® values.

(9) Unfortunately, direct evidence of H-bonding to the axial hydroxyl
; - A ; of Man cannot be obtained, as glycosidic hydroxyl protons, receptor’s aminic
be ascribed to the additional H-bonding interactions that both protons, and water's protons collapse into an average signal.
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s chemical shift variations did not provide a consistent picture

Table 2. Cumulative Association Constants (Ig) for 1:1 for different glycosides. On the other hand, due to the very

and 2:1 Complexes & with Octyl Glycosides in CECN, adaptive nature of the receptor, molecular mechanics calcula-
Corresponding B&P («M) Values, and Affinity Ratios (AR) tion performed on thefMan complex did not give a
between BG? Values in CRRCN and CDC§2 convincing description of a reliable complex structure.

Nevertheless, due to a lack of direct structure information,
binding results were independently confirmed in the gas
aGle 1.592£0.008 n.d? 25600 £500 45 phase by ESI-MS experiments. In the positive ion mode ESI-

glycoside log 11 log a1 BCs0° AR

b . .
pGle 2.100+0.003  n.d. 7940 £ 50 204 MS spectra of equimolar mixtures 8fand fMan, aMan,
aGal 1.55 £ 0.01 n.d.b 28300 + 800 13 X .
$Gal 1988 £ 0.002 n.db 10290 + 50 56 and aGal, respectively (Figure 3), the peak of the 1:1
oMan 2.933 4 0.003 n.dob 5850 + 40 2090 complex was observed as the base peakpgian, with
fMan 3.12 + 0.02 5.40 + 0.08 680 + 30 >680 intensity comparable to the peak of the free receptor, but
aGleNAc  2.231+0.002 n.d? 5880 + 20 919 reduced to 30% foaeMan, whereas it could only be detected
BGleNAc ~ 2.155£0.003 n.d® 6990 + 50 1013 at the noise level fooGal. Insteadf3Glc pentaacetate gave

a Measured byH NMR (400, 900 MHz) from titration experiments at N0 €vidence of complexation, showing that, in the absence
T = 298 K on 1.0—1.2 mM stock solutions of glycoside for receptor of H-bonding hydroxyl groups, recognition of a strongly
concentrations up to 35 mMigim nondetectable. B&P calculated using bound glucoside is depleted
the “BCso Calculator” (see Supporting Informatior)Nondetectable. . g . p ) » .
Definitive evidence of complex stability was obtained from
] ) ] ] the above mixtures by ESI-MS/MS collision-induced dis-
It is easily appreciated that, even in a polar solvent, sqciation (CID) experiments (Figure 4). CID profiles gave
affinities still lie in the low millimolar range, with the notable 5oy of complex dissociation for collision energies of 19.0
exception ofiMan, which is bound t@ with an affinity in and 14.5 eV fo3Man andaMan, respectively, showing a
the micromolar range and with /@a. selectivity factor of  gjgnificantly higher stability of th@Man complex, whereas

nearly an order of magnitude. On the assumption that in gnontaneous dissociation of the adduct was observed for
acetonitrile affinities of both anomers of mannose are damped ;g 4.

to the same extent with respect to chloroform (cf. Figure |, conclusion, we have described a pyrrolic tripodal
S5, Supporting Information), we can estimate the affinity of recepior exhibiting the best recognition properties toward

3 for fMan to be 330 nM in CDG a figure that confirms  annosides ever reported for a H-bonding synthetic receptor.
its _unprecedented recognition properties. As a generalpegyjts demonstrate that implementing additional H-bonding
evidence, affinities are attenuated with respect to GDE! g pgijtuents, strategically located into the architecture of the
amuch greater extent for Man and GIcNAc than for the other ,yyojic tripodal receptor, can dramatically enhance both the
glycosides. While supporting the occurrence of an additional 4¢inity for a specific glycoside and selectivity with respect
H-bonding to the acetal groups, the evidence suggests thaty giher monosaccharides.

this H-bond is probably the most exposed, being the most

affected by competition with the polar solvent. Gratifyingly, Acknowledgment. High-field NMR spectra were ac-
results were confirmed by ITC measurements insCN, quired at the Magnetic Resonance Center (CERM) facilities.
which gave affinities foocMan andSMan in good agreement ~ We are grateful to Mr. Massimo Lucci, CERM, Universita
with NMR data and evidenced a substantial enthalpic di Firenze, for assistance with high-field NMR measure-
contribution, compensated by an adverse entropic contribu-ments.

tion (see Supporting Information).

Some structural evidence of the receptglycoside com-
plexes was highly desirable, but unfortunately, all attempts
to obtain X-ray quality crystals failed, giving oils or glassy
solids from various solvents. Analogously, while 2D NMR
experiments in solution did not give any NOE correlations
due to fast exchange of partners on the NMR time scale, OL701959R

Supporting Information Available: General methods,
materials, and synthetic procedures; details of titrations and
data analysis; plots of ITC and plots of affinities. This
material is available free of charge via the Internet at
http://pubs.acs.org.
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