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The conformational behavior of sugar thiourea receptors in chloroform-d solution and their binding properties toward carboxylate ligands
have been examined. The association constants were found to be largely independent of the initial proportion of the bound conformation. In
contrast, the existence of competitive intramolecular hydrogen-bonding strongly decreased the K5 values, whereas the existence of a lipophilic
microenvironment at the vicinity of the binding site favored the association process.

Hydrogen bonds are known to be largely responsible for the formation. Toward this end, sugar thioureas offer many
inter- and intramolecular order in nucleic acids and proteins, interesting feature$The relatively high acidity of the NH
and there is little doubt that they are structurally as important thiourea protons is correlated with a strong hydrogen-bonding
in carbohydrate$However, of the many artificial receptors  donor capability already exploited in the design of efficient
that employ hydrogen-bond centers as key recognition andanion receptoré. Thiourea segments embedded into a
binding elements, only a few are related to sugats a

part of a project aimed at the understanding of molecular ) (2) For _Iea_ding references on artificial receptors_for hydrogen-bond
directed binding of carbohydrates, see: (a) Haseltine, J.; Doyle, T. J.

recognition processes involving carbohydrates, we sought tOpesigned Hosts for Sugars. @rganic Synthesis. Theory and Applications

construct saccharide-embodying receptors for which hydro- Hgdligg)y, T., Ed.; JAl Press Ltd.: Greenwich, CT, 199|6; VCéI- 3bp%5
; ; - 107. Battarai, K. M.; Davis, A. P.; Perry, J. J.; Walter, CJJOrg.
gen bonding would be the primary driving force for complex Chem.1997, 62, 8463-8473. (c) Inotye, M. Miyake, T. Furusyo, M.:

Nakazumi, HJ. Am. Chem. S04995 117, 12416-12425. (d) Kobayashi,

T Universidad de Sevilla. K.; Ikeuchi, F.; Inaba, S.; Aoyama, ¥. Am. Chem. S0&992,114, 10302—
*Instituto de Investigaciones Quimicas, CSIC. 10306. (e) Kobayashi, K.; Asakawa, Y.; Kibuchi, Y.; Toi, H.; Aoyama, Y.
(1) (a) Weiss, W. I.; Drickamer, KAnnu. Re. Biochem1996 65, 441~ J. Am. Chem. S0d.993,115, 2648—2654. (f) Das, G.; Hamilton, A. D.
473. (b) Quiocho, F. AAnnu. Rev. Biocheml986, 55, 287—315. (c) Am. Chem. Sod 994,116, 11139—-11140.
Poveda, A.; Jiménez-Barbero,Ghem. Soc. Re 1998,27, 133—143. (d) (3) For reviews see: (a) Garcia Fernandez, J. M.; Ortiz MelleSulfur
Toone, E. JCurr. Opin. Struct. Biol1994,4, 719—728. (d) Jeffrey, G. A. Rep.1996,19, 61-169. (b) Witzack, Z. JAdw. Carbohydr. Chem. Biochem.
Adv. Enzymol1992,65, 217—254. 1984,44, 91-145.
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Figure 1. Rotameric equilibria for compounds—4 in chloroform-dsolution.

pseudooligosaccharide structure may, thus, provide efficientpseudotetrasaccharideand the linear pseudodisaccharides

anchoring points for hydrogen-bonding recognition of comple-

2% 3, and4 (Figure 1).

mentary functional groups, such as carboxylate, phosphate The known hybrid trehalosethiourea macrocyclé has
or sulfonate, in a specific and predictable fashion. Alterna- been shown to exist in chloroforghsolution exclusively in
tively, intramolecular hydrogen bonds may act as key theZE/E,Z alternate conformation. The thiourea NH protons

stabilizing interactions in the host structure itself, inducing
secondary structures. Since the Z rotameric interconver-
sion rates at the pseudoamide-R(=S) bonds in thioureas
fall in the range of the chemical shift time scale, variable-

in the anti disposition with respect to the thiocarbonyl sulfur
atoms are directed to the inside of the cavity and involved
in seven-membered intramolecular hydrogen bonds, with the
opposite pyranoid oxygen atoms acting as acceptalseit

temperature NMR spectroscopy offers a good opportunity & dynamic degenerated equilibrium resulting from conrota-
for structural characterization of preferred folding patterns tory rotations at the pseudoamide bonds occurs (coalescence

and identification of the structural requirements for efficient
complexation.

We have considered in our study a series of symmetric

temperature, T, 295 K), the conformational constrains
imposed by the macrocyclic structure preven® arrange-
ments at any of the thiourea functionalities. Conversely, the

structures possessing different degrees of conformationalthiouréa group in the ped-acetylated bis(fd-glucopyra-

flexibility at the thiourea segments, including the macrocyclic

nosyl)thiourea? adopts theZ,Z configuration as the only
rotameric form in chlorofornd solution with both NH

(4) (a) Fan, E.; Van Arman, S. A.; Kincaid, S.; Hamilton, A. D.Am.
Chem. Soc1993,115, 369—370. (b) Scheerder, J.; Fochi, M.; Engbersen,
J. F. J.; Reinhoudt, D. Nl. Org. Chem1994,59, 7815—7820. (c) Peta)

G. J,; Kilburn, J. D.; Rowley, MJ. Chem. Soc., Chem. CommuR95,
305—-306. (d) Goodman, M. S.; Jubian, V.; Linton, B.; Hamilton, A.JD.
Am. Chem. Sod 995,117, 11610—11611. (e) Nishizawa, S.; Bihimann,
P.; lwao, M.; Umezawa, YTetrahedron Lett1995, 36, 6483—6486. (f)
Scheerder, J.; Engbersen, J. F. J.; Reinhoudt, ReXl. Tra.. Chim. Pays-

(5) Garcia Fernandez, J. M.; Jiménez Blanco, J. L.; Ortiz Mellet, C.;
Fuentes Mota, . Chem Soc., Chem Commu®995, 57-58.

(6) Babiano Caballero, R.; Fuentes Mota, J.; Galbis Pérez, J. A.
Carbohydr. Res1986,154, 280—288.

(7) The stabilization ofZ,E rotamers in sugar thioureas by seven-
membered hydrogen bonds was supported by chemical shift temperature
coefficient measurements, rotational barrier calculations and molecular
modeling. It seems to be a main structural feature of this class of compounds,

Bas1996,115, 307—320. (g) Scheerder, J.; Engbersen, J. F. J.; Verboom, as seen from specifically designed models. See: (a) Ortiz Mellet, C.; Moreno

W.; van Duynhoven, J. P. M.; Reinhoudt, D. 8l.Org. Chem1996,61,
3476-3481. (h) Pernia, G. J.; Kilburn, J. D.; Essex, J. W.; Mortishire-
Smith, R. J.; Rowley, MJ. Am. Chem. S0d.996,118, 10220—10227. (i)
Bihlmann, P.; Nishizawa, S.; Xiao, K. P.; Umezawa T¢étrahedrorl997,

53, 1647—1654.

1218

Marin, A.; Jiménez Blanco, J. L.; Garcia Fernandez, J. M.; Fuentes, J.
Tetrahedron: Asymmetr§994,5, 2325—2334. (b) Garcia Fernandez, J.
M.; Ortiz Mellet, C.; Jiménez Blanco, J. L.; Fuentes, J.; Dianez, M. J,;
Estrada, M. D.; Lépez-Castro, A.; Pérez-GarridoC8rbohydr. Res1996

286, 55-65.
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protons, in syn 1,3-parallel disposition, pointing toward the membered NH-+*Q\qocyciic intramolecular hydrogen bohd
B-face of the pyranose rinf. (Figure 1).

The new podant-like sugar thioure& and 4 were Variable-temperaturéH NMR spectra of compound in
conceived to represent intermediate conformational situationsCDCls likewise evidenced the presence of relatively slow-
at the thiourea region as compared witand2. They were  rotating bonds. At temperatures below 263 K, signals for
obtained by the coupling reaction of the corresponding amino the E.Z (asymmetric) an&,Z rotamer (symmetric), in a 9:1
sugar hydrochlorides with the sugar isothiocyanate counter-relative proportion, were observed. Even though both NH

parts following previously reported methodologfes. protons in4 have several hydrogen-bonding options available
to them in any of the configurational arrangements, their

chemical shifts and temperature-coefficient values were
rather consistent with the data for non-hydrogen-bonded
thiourea protons (Figure 3).

Compound3 may be seen as a monomeric analogue of
the macrocyclic dimerl. The low-temperature rangiéd
NMR spectra recorded in chloroformsblution showed a
4:1E,Z-to-Z,Zrelative population, coalescence occurring at
285 K. At 313 K the chemical exchange processes becam
fast and the NMR spectra displayed signals for a single—
methyla-b-glucopyranoside subunit, in agreement with the 650 -

expectedC,, symmetry. The temperature dependence of the
thiourea protons NMR chemical shifts below coalescence g o501 ® -
at 5 mM concentration in CDgkevealed some interesting ef{A 6404 A , u
features (Figure 2). First, theeans-NH proton in theE,Z §§ 6.30 A Ax,
28 =
| 2
6.10 .. L .
77 pEm mm 6.00 * . °
720 =] 5.90 T T . 1 1 T T 1
£ 10 200 220 240 260 280 300 320 340
:’E‘ 7.00 4 Temperature (K)
28
g 6.90 Figure 3. Thiourea proton chemical shifts as a function of
Z ss0d ¢ temperature for compourl Data are collected in CD&Eat 5 mM
6.70 A* oo o concentration. Above coalescence: fast exchanging®H(Z,E)
P 4 Ae b Rotamer: trans-NH (M) andcis-NH (#). (Z,Z) Rotamer:trans-
6.60 5 4, NH (a).
*
650 T T I. T 1 1 1
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The present evidence for strong binding of thioureas to
carboxylates can be rationalized in terms of the formation
Figure 2. Thiourea proton chemical shifts as a function of of trans-bidentated four-center hydrogen bonds, although a
temperature for compourgi Data are collected in CDEat 5 mM fast equilibrium between monodentated complexes is also
concentration. Above coalescence: fast exchanging ®H(Z,E) possible (Figure 4! In any case, strong binding involves

R : -NH (m is-NH (#). (Z,2) R : - ) . .
Nat?Tfr trans (W) andcis (#). (2,2) Rotamer:trans necessarily the,Z rotameric form of the thiourea group.

Temperature (K)

rotamer resonated at a significant lower field than ¢rse

NH proton and then the corresponditngns-NH protons in ﬁ'

the ¢,2) conformation. Moreover, the temperature-indepen- R~ C\N,R
dent character Gbyans—nr IS in agreement with the behavior i )
generally observed for completely intramolecularly hydrogen- 5 :
bonded amide protori8 The structural relationship between O\—C,//(')

3 andl joined to the above-discussed data strongly suggest [
that theE,Z rotamer of3 is likewise stabilized by a seven-

Figure 4. Proposed four-center bidentated hydrogen bonds between

(8) Avalos, M.; Babiano, R.; Cintas, P.; Jiménez, J. L.; Palacios, J. C.; thiourea and carboxylate groups.
Fuentes, JJ. Chem. Soc., Perkin Trans.1D90, 495—501.

(9) (a) Ortiz Mellet, C.; Jiménez Blanco, J. L.; Garcia Fernandez, J. M.;
Fuentes Mota, JJ. Carbohydr. Chem1995,14, 1133—-115. o ] ) )
. (10) For Ieaging gesfce)rgnges, 53%%: (t?) Smitlh, JA; Peaéﬁ’ ICRE In principle, folding patterns of sugar thioureas favoring

rit. Rev. Biochem1980,8, 315— . Kessler, FAngew. Chem., Int. : ; ;
o e Toga 0 o19 esa ) Lever(y,)S. SOt NOOLh, the E,Z configurational arrangement must disfavor the
484—492. (d) Spatola, A. F.; Anwer, M. K.; Rochwell, A. L.; Gierash, L.
M. J. Am. Chem. S0d.986,108, 825—831. (e) Morita, H.; Kayashita, T.; (11) Haushalter, K. A.; Lan, J.; Roberts, J. D.Am. Chem. S0d.996,
Takeya, K.; Itokawa, HTetrahedron1994,50, 12599—12608. 118, 8891—8896.
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intermolecular association process. Thus, the experimentald. Despite the expected higher acidity of the anomeric
IH NMR andKgsdata (Table 1) evidenced that the hydrogen- pseudoamide protons and the complementary preorganization
of the thiourea binding site i, carboxylate binding is more

] efficient in the case of the flexible receptrThe differences
Table 1. Thermodynamic Data fot—4 and Their Benzoate i'n Kas.\{a'lues for2 and.4 gre possibly due to the higher
and Acetate Complexes lipophilicity at the proximity of the hydrogen bond donor
centers in the later, which must facilitate the desolvation
processes of the incoming carboxylate guést.

The conformational properties of a given molecule almost
1 100% (Z,E:EZ) 295 13 n.d. certainly play a major role in specifying its ability to form

rotameric KasP Kas®
receptor populations? T.(K) (OBz, M) (OAc, M)

g 411910((@%5()2 S iég 327 stable supramolecular complexes. However, our results
4 91 @ZEV(ZZ) 268 590 630 indicate that a simple quantification of the “active” confor-

mation in the conformational equilibrium prior to complex

a Obtained by digital integration of the NH signals at temperatures below formation is not a reliable data to anticipate association
coalescence At 300 K. Average values from at least two separate . . . .
experiments. Errors are estimated to-b20%. ¢ Not determined. efficiency, a situation already encountered in natural sys-
tems!3 The existence of specific intramolecular interactions
that can oppose intermolecular hydrogen-bond and the nature
bond interaction of, for which a 1,3-parallel disposition of  of the substituents at the vicinity of the binding site may
the NH protons is prevented, with benzoate is weaker thanexert a dramatic influence in the complexing properties.
any of the interactions of the NH protons 24 in their Identification of preferred folding patterns and intramolecular
complexes with benzoate or acetate. Notwithstanding, theinteractions in carbohydrate conjugates should assist, then,
measure,s values for the (7—7)-thiourea-linked heptose in the efficient design of artificial sugar-based receptors, an

derivative 4 are about three times higher than for & aspect currently under development in our group.
monoconfigurational recept@ They are also 7-fold greater )

than the corresponding values for the-{6)-linked hexose Acknowledgment. This work was supported by the
analogues, even though the relative population of the active Direccion General de Investigacion Cientifica y Técnica
Z,Z conformation is about twice lower. (grants no. PB96-0820 and PB97-0747).

The_ ab_ove evidence suggests that.the apility for recognition Supporting Information Available: Experimental pro-
gr:jd bln%mg bit\ﬁegn_r_elceptor ar]d I'%a?]d 's to jomef extent,cequres and spectroscopic data for compouhdsd4 and
Independent of the initial proportion of the bound conforma- o, precursors and experimental conditions for binding

tion found in tlhe_compltlex'. Most likely, the discrepancy in studies. This material is available free of charge via the
carboxylate binding affinity for3 and 4 stems from the Internet at http://pubs.acs.org

differences in the molecular order of the receptors themselves ' R
in chloroformd solution. Thus, binding to carboxylate anion OL990889S

thro_u_gh mtermolegular blc_ientated hydrogen-bond_lng has an (12) The ability of chloroform to act as a hydrogen-bond donnor has
additional energetic cost in the casedfi.e,. breaking the been shwon, though it is a weak hydrogen-bond partner compared to amide-
preexisting intramolecular hydrogen bond in tB&Z con- type protons. See: Sheridan, J. P.; Martire, D. E.; Tewari, YJ.BAm.
figuration) as compared td. This becomes even more Chem: S0cl972,94, 32943248,

h . . . (13) Bundle, D. R.; Alibés, R.; Nilar, S.; Otter, A.; Warwas, M.; Zhang,
evident when comparing the complexing behavio@ @nd P.J. Am. Chem. S0od.998,120, 5317—5318.
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