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Chelation-induced conformational change of polypeptides is a
useful strategy in de novo protein desigmhich ultimately aims
at the construction of artificial proteins with tailor-made structures
and functionalities. Employing this strategy with oligosaccharides

may lead to the development of novel sugar-based architectures,

Although the addition of metal ions to solutions of some natural
polysaccharides causes edilelix transition$® and some monosac-
charides undergo shifts in the ring conformation equilibrium by
the addition of metal ion%* the extent to which metal ions
influence these conformational properties is usually small, an
no extraordinary conformations are created.

In this study, we created a novel turn structure of the
trisaccharide® and3 by a hinge-like*C;-to-'C, ring flip of the
2,4-diamino-2,4-dideoxy-p-xylopyranoside unit (Figure 1). This
ring flip was enabled by the flexible ring structfiend the strong
chelating ability of diamino groups in the 1,3-diaxial orientatfon.
Conformational behavior of the methyl glycositieand that of
the hinge unit on addition of metal ions were investigatedHby
NMR.

The methyl glycosidd was synthesized in five steps from the
known compound¥ (Scheme 1). The methods for synthesizing
2,4-diazido-2,4-dideoxy derivatives of glucopyrano8icend
o-xylopyranosid@ were employed for the synthesis of the key
intermediater. Birch reduction of7 gave the compound. The
trisaccharide® and3 were designed to mimic the trisaccharide
sequence (GAL—3GIcNAgs1—-2Man)*® of complexN-linked
glycans, in which the central sugar, GIcNAc, is replaced with
the hinge unit. Introduction of the mannose units at the reducing
end of 1 was accomplished by conversion af into the
1-O-trichloroacetimidatelO and then conversion af0 by the
Schmidt methott to give disaccharide4l and 12. Galactose
residues were incorporated inid and 12 by the trichloroace-
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Figure 1. Structures of hinge sugdrand the hinged trisaccharid@s
and3. Upon chelation of a metal ion (g or Zr?*), a ring flip of the
hinge unit is induced to give the turn structure shown in the upper right.
In the frame is the global minimum of the turn structure2sfZn?*,
preliminarily calculated by molecular dynamics simulation (MM2 force
field, 300 K); all hydrogen atoms are omitted for clarity.
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2 (a) MsCl, pyr; then 88% AcOH, 80%. (b) NaOMe. (c) MsClI, pyr,
90% in 2 steps. (d) Na®\ BuNBr, toluene-H,0 (1:1), 140°C, 7, 51%;
8, 21%. (e) AgO, H,SOs, 89%. (f) HNNH2:AcOH, DMF, 50°C. (g)
CI3CCN, CsCO;, CICH,CHCI, 58% in 2 steps. (h) Na, lig. N&188%.
(i) M—OH, TMSOTf, CHCN, —40°C; then NaOMe1l1, 63%;12, 53%
(o-isomer: 23%). (jIG—OCENH)CCl;, BRs*OEL, MS4A, CHCl,, —
°C —rt. 13, 71%; 14, 86%. (k) NaOMe; then k8, pyr—H,0 (1:1); then
Na, lig. NHs, =78 °C. 2, 50%); 3, 63%.

timidate method to give trisaccharidé8 and 14, which were
subjected to deprotection and reduction of the azido groups to
give the desired trisaccharid@sand 3.

The'H NMR spectrum ofl showed thel-values characteristic
of the*C, chair conformation (Figure 2a), and these did not change
within the temperature range 29853 K. Addition of diamagnetic
metal ions, Hg(OAg) and Zn(OAc), caused a line-broadening
at 298 K (Figure 2b). This line-broadening can be explained by
the relatively slow exchange process between different structures
when there are more than two structures, because acceleration of
the process by increasing the temperature up to 348 K resulted

13. M =6-Man
14: M = 2-Man
AcO
M = AcO

AcO %Ac
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Figure 2. H NMR spectra (400 MHz) of compount(26 mM) in the
absence and presence of Hg(OA©).5 equiv) in 50 mM AcONal; buffer
(pH 7.0). Methyl signals were adjusted to 3.584 ppmJ(a) 298 K. (b)
1 with Hg(OAc), at 298 K. (c)1 with Hg(OAc), at 348 K.

Table 1. J-Values (Hz} for the Vicinal Ring Protons of the
Xylose Unit and the Calculate¥C, Populations (%) of Compounds
1, 2, 3, and Their Complexes with Metal Iohs

compd Ji2 J23 J3.4 Jasa Jasp 1C4

1 8.1 9.6 9.6 5.1 10.7 0
1-Hg?" 5.0 6.4 6.6 4.0 6.9 41
1-Zn?t 5.6 7-8 7.5 4.0 7.5 33
2 8.2 9.6 9.5 5.2 10.8 0
2—Hg?* 5.3 6.9 7.2 4.3 7.0 39
2—7Zn?t 6.1 8.1 8.1 4.0 9.0 21
3 8.1 9.8 9.6 5.3 10.8 0
3—Hg?" 7.2 8.7 9.0 4.7 9.0 17
3—Zn%t 6.6 7.9 8.1 4.5 8.5 23

2400 MHz NMR at 76-80°C. P Hg?", 0.5 equiv; ZA", 1—3 equiv.
¢Unclear assignment due to slight line-broadening at H-2 and H-4
signals.
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amino groups. Indeed, when the amino group at C-4 efas
replaced with an acetamido group, metal ion additions caused no
signal broadening or decreases indhalues intH NMR spectra.
Moreover, the titration ofl with the metal ions afforded
hyperbolic curves for the chemical shiffsfrom which a 2:1
stoichiometry of thel—metal ion complex was also deduced.

The 'H NMR spectra of the trisaccharidé&sand 3 showed
that the hinge sugar unit maintainé@ chair conformation within
the temperature range 29853 K. Addition of 0.5 equiv Hg"
or 1-3 equiv Zr*" ion caused a line-broadening for the hinge
sugar unit at 298 K in a manner similar to thatlofOn the other
hand, signals for Gal and Man underwent comparatively slight
line-broadening. The difference in the extent of line-broadening
suggests that the deformation of the ring structure occurs only at
the hinge sugar unit and this ring flip permits a harmonic
movement of the peripheral sugar units. Indeed, decreases of the
J-values at 353 K compared with those ®or 3 was observed
only for the hinge sugar unit. The populations of the,
conformation of the hinge sugar unit @for 3 that complexes
with a metal ion, estimated from tlevalues, are shown in Table
1. These results indicate that the trisaccharideand 3 were
obviously bent to afford turn structures by the addition of the
metal ions. There is likely to be an attractive force such as the
van der Waals force between Gal and Man in the turn structure
of 3, because the disaccharide formed by removing Gal fBom
hardly underwent a ring flip at the hinge suga€{ < 5%) on
addition of metal ions.

In conclusion, by adding metal ions, we were able to bend
trisaccharides having a hinge diaminosugar unit in the center. In
analogy with this hinge sugar, the equilibrium betweentbe
and?S, conformations of the iduronic acid unit of heparin shifts
toward thelC, conformation on addition of calcium chloridé.
However, the interconversion of the conformations of the iduronic
acid unit hardly affect the end-to-end distance of the heparin
chain?® In this respect, the hinged trisaccharides dramatically
change their shape from straight to bent. This flexibility and the
novel turn structure may be applied to the fabrication of novel
artificial architectures containing oligosaccharide building blocks.
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of each proton (Figure 2c). The line-broadening may be due, in
part, to the restricted motions of the whole molecule, if the
complex is extremely larg®.

The J-values at 348 K for the mixture df and 0.5 equiv of
Hg(OAc), are significantly smaller than those faronly (Table
1), suggesting structural deformation by chelation. A similar
tendency was observed when 1.4 equiv of Zn(QAwre added
to 1. To estimate the conformations din the presence of these
metal ions, least-squares fitting of thevalues, computed for all
possible conformers, to the obsenddalues was performetd:4
The calculation indicated that, in the presence of metal i&ns,
exists as an equilibrium mixture of th€, and'C, conformations
only. The 'C, populations are listed in Table 1. The partial
formation of the!C,; conformation is most likely due to an
intramolecular chelation bridge between the two axially oriented
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