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. Figure 1. (a) Energy-minimized complex structure @f-glucosamine
Receved June 15, 1998 and bisphosphonate receptor molecukccording to force-field calcula-
Recently, we introduced xylylene bisphosphonates as a new tions; arrows indicate additional hydrogen bonding sites. (b) Two possible
class of se]ective artificial receptor molecules for 1,2- or 1,3- conformations of the 1,3-amino alcohol recognition motif by the RNA
amino alcohols. Now we found that these bisphosphonates phosphodiester grougs.

represent highly efficient hosts for the complexation of amino °
(o

sugarg. because they form cooperative hydrogen bonds between — Hyn " 0”° o Han® cr®
the phosphonates and their hydroxyl gro@ip€ontrary to most HO 0 HO HOHO o

of the known synthetic sugar receptors with lipophie or HO Hs,\f"e OH Ho
Sglycosidic substituents which must be examined in organic OH OH c OH
solvents, the bisphosphonates allow NMR titrations with free op-D-6-Aminodesoxyglucose 2 «/f-D-Glucosamine 3 a/p-D-Mannosamine 4
amino sugars in DMSO, methanol, or water. FoD-glu- -

cosamine hydrochloride arigdwe found 1:1-association constants

in DMSO of 59 000 M and in methanol of 630 M. Even in HO

water, weak binding is observed, indicated by a 0.1 ppm upfield Ho

shift of the GHN-proton. The complex geometry can be deduced 0 . e o

from the NMR spectra. On phosphonate addition to glucosamine HO S NH; Cl

in DMSO, only the OH-1 and OH-3 protons are shifted downfield HsN g OH HO

by ca. 1 ppm, whereas OH-4 and OH-6 remain untouched. c OH

Preorientation by the chelate between the phosphonates and the o/p-D-Galactosamine 5 OH

ammonium group obviously induces formation of two cooperative OH

hydrogen bonds between the phosphonate and the hydroxyl groups (1R/S)-Styrylarabinosamine 6

adjacent to the NEf-functionality (Figure 1). Recently it was  Figure 2. Amino sugars for the NMR titrations with bisphosphonate
suggested, that Nature uses a very similar binding motif, that is, receptor moleculd.
the 1,2- and 1,3-amino alcohol moieties present in many ami-
noglycoside antibiotics recognize phosphodiesters (as present inWilcox.8 The results are given in Table 1; they were checked
RNA) by means of strong electrostatic as well as directed by using Whitlock’s “sliding scales” techniqUevhich produced
hydrogen bond interactiorfs. similar relative ratios between tlee andS-association constants
To determine the degree of structure-selective recognition we (see also Table 1). Curve fitting of the receptor signals to a 1:1-
examined four aminopyranoses and a synthetic open-chain aminabinding isotherrh gave apparent association constants for the
sugar alcohol. None of these amino sugars carried any protectingrespective anomeric mixture in the range of @1 M1, thus
groups which could have created differences in the steric demandconfirming the above calculations.
of epimeric OH-groups. We performed NMR titrations dg The binding constants of the 2-aminopyranosides are all in the
DMSO with anomeric mixtures of varying,S-ratio (Figure 2). same range. Sugar selectivity is found, however, when the
The obtained binding curves had a distinct sigmoidal character ammonium functionality resides at the 6-position, leading to a
for the weaker binding partner, whereas a relatively normal curve 2—6-fold increase irk,. The epimeric discrimination of receptor
was found for the stronger one. This is typical for a system in molecule 1 increases from2—6 (i.e., from 13-90% de)"
which the receptor first binds preferentially to the guest with the Although the anomer selectivity for the different pyranosides does
higher binding constant. When saturation is reached, the NMR not exceed 51% de, it is remarkable, because it originates from
signals of the second guest begin to shift as usual (Figure 3). the different strength of a single hydrogen bond between the
For mannosamine and 6-aminodesoxyglucose, the experimentdisphosphonate and the anomeric hydroxyl-OH in a competitive
were complicated by a fast mutarotation catalyzed by the host solvent. The high preference of the bisphosphonate for one
compouncP. Nevertheless, we could obtain guantitative results epimer of the open chain aminosugar alcohol styrylarabinosamine
in all cases. To calculate both binding constants from one titration 6, however, is unprecedentédt corresponds to a diastereomeric
experiment, we used the competitive method described by excess of 9098 and must probably be explained by the different

(1) (a) Schrader, TAngew. Chem., Int. Ed. Engl996 35, 2649-2651. (5) Equilibration of both amino sugars in DMSO for one week resulted in
(b) Schrader, TJ. Org. Chem1998 63, 264—272. no change; in water, only a slightly shifted anomer ratio was observed. The
(2) Bisphosphonates and tetraphosphates have recently been used for strondrastic change in the epimeric ratio reached in DMSO after receptor addition
binding of glycosides in acetonitrile: (a) Das, G.; Hamilton, ATetrahedron may in part be caused by the stabilization of the respective—typsist
Lett. 1997, 38, 3675-3678. (b) Anderson, S.; Neidlein, U.; Gramlich, V.; complex.
Diederich, FAngew. Chem., Int. Ed. Endl995 34, 1596-1600. (c) Neidlein, (6) Wilcox, C. S.; Adrian, J. C., Jr.; Webb, T. H.; Zawacki, FJJAm.
U.; Diederich, F.J. Chem. Soc., Chem. Commad996 1493-1494. Chem. Soc1992 114, 10189-10197.
(3) Furthermore, the i, values of sugar hydroxyl groups are lower than (7) Whitlock, B. J.; Whitlock, H. W.J. Am. Chem. S0499Q 112 3910~

those of the respective aliphatic alcohols. Hence, the more acidic sugar 3915.
molecules should form stronger hydrogen bonds than aliphatic alcohols;  (8) (a) Schneider, H. J.; Kramer, R.; Simova, S.; Schneided, Am. Chem.

Hamilton, A. D.; Das, GJ. Am. Chem. S0d.994 116, 11139-11140. So0c. 1988 110 6442. (b) Wilcox, C. S. InFrontiers in Supramolecular
(4) Hendrix, M.; Alper, P. B.; Priestley, E. S.; Wong, C.-Ahgew. Chem. Chemistry and PhotochemistnBchneider, H.-J., Du, H., Eds.; VCH,
1997 109 119-122. Weinheim, 1991, p 123.
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Figure 4. Possible explanation for the diastereotopic character of the
g w w T 1 phosphonate methylene protons. Force-field optimized complex between
0.00 0.08 0.16 ; O.Zflz 0.32 . . .
A * 1072°M the-anomer of 6-aminodesoxyglucosamine and bisphosphonate receptor
moleculel.% Several host and guest protons have been omitted for clarity.
- SIGNAL vs [1]
s proton (0.4 ppm), the OH-3 comes close to one of the receptor
methylene protons and explains their magnetic nonequivalence
2. (Figure 4).

s Although several groups have been reporting on the enanti-
= oselectivé! and diastereoselective recognitténf sugar deriva-

§§- tives, they examined in most cases alkyl- or arylglycosides. In
g 1989, Aoyam& achieved selective extraction of freeribose

” a-pyranoside by a resorcinaldehyde cyclotetramer; two years later,
Shinkat* introduced diphenylmethane diboronic acids which bind
freep-glucose and their disaccharides in tidorm. To the best

g . ; , ) of our knowledge, we present the first example of an anomerse-
0.00 002 B . 2% 008 lective molecular recognition of free aldohexoses by noncovalent
interactions.

Figure 3. Top: Typical titration curve fol/mannosamine hydrochloride.
Dependence of the change in chemical shift of the CH-1 protons of
and -anomer on addition of receptor molecule Bottom: Typical
titration curve for the complex betweeh and styrylarabinosamine
hydrochloride.

Experimental Section. 1-Amino-1-desoxy-1-(4-vinylphenyl)-
D-gluco(@-manno)-pentitol 6. This amino sugar alcohol was
prepared as a C-1 epimeric mixture fragluconolactone in 7
steps as a functional monomer for the polymerization to heparin-
like compounds. IR (KBr): 1/1 = 3320(br), 2900, 1620, 1590,
Table 1. Binding Constants for- and-anomers (C-1 epimers) 1505. 'H NMR (300 MHz,ds-DMSO + D,0): ¢ = 3.06-4.05

between Amino Sugars [1® M] and the Receptor Molecul# in (m, 6H), 5.22 (d, 1HJ = 11.0 Hz), 5.79 (d, 1HJ = 17.6 Hz),
DMSO at 20°C? 6.72 (dd,J = 11.0/17.6 Hz), 7.33~dd, AA'BB’), 7.41 (~dd,
de de AA'BB'). ®C NMR (75 MHz, d;-DMSO): ¢ = 57.5+ 58.1,

amino sugar Ko [M™] KgM™] Ka/Kgd Ko/Kg® [%]P [%]° 63.4+ 63.5, 70.4+ 71.8, 71.1+ 72.44, 71.2+ 72.8, 113.4+
6-aminoglucos@ 19x 1F 25x 10° 113 125 13 43 1135, 125.5, 125.6, 127.3, 127.5, 135.2, 135.4, 136.4, 136.5,
glucosaminés 57x 100 9.2x10* 1:1.6 120 24 33 143.8, 144.0. MS (chem. ion. NH miz 254 [M* + H].
mannosamind  1.2x 10f 3.8x 10* 3.0:1 251 50 43 Elemental analysis: calcd. for;€,00,N C 61.64, H 7.56, N

galactosamin®  3.3x 10* 1.0x 10° 1:3.1 127 51 44 5.53; found C 61.53, H, 7.53, N 5.45.
styrylarabinos-  1.8x 10* 3.3x 10° 1:188 1:9.¢ 90 80

amine6 Acknowledgment. Dedicated to Professor Dr. E. C. Taylor on the
occasion of his 75th birthday. We thank Professor Wilcox for providing
access to his HOSTEST program.

a Due to the strongly hygroscopic character of both titration partners,
the ds-DMSO solution contained-0.1% of water. EactK, value is
the result of at least two independent titrations, which agreed in all ) . . ) ) o
cases withir=10% of the given value. Errors are standard deviations; __ SUPPOrting Information Available:  Synthesis and characterization
they were estimated at $@10% forK, < 10° M1 and at 36-50% for of 1, Procedures for the NMR titrations and their evaluation, calculation
Ka= 10° M~1. b According to the “com_petitive method”.c According of apparent binding constants, data sheets for the HOSTEST-program,
to the “sliding scales method”d Binding constants for the C-1 epimers. ~ Calculation of relative ratios of binding constants, HOSTEST-printouts

(4 pages, print/PDF). See any current masthead page for ordering

. . . information and Web access instructions.
sizes of the other three substituents at the stereogenic center (C-

1). JA982067G
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calculationd’ offer a possible explanation, that is, only the Tetrahedron Lett1993 34, 2573-2576. (c) Jimaez-Barbero, J.; Junquera,
p-anomer seems to be able to form an additional cooperative E.; Marfn-Pastor, M.; Sharma, S.; Vicent, C.; Pefgd@.J. Am. Chem. Soc.
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