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ABSTRACT

A highly convergent strategy for the synthesis of Cs- or C-symmetric oligosaccharide macrocycles is reported. Molecular modeling indicates
these macrocycles possess sterically congested cavities. Weak host —guest interactions are observed that should be beneficial for applications
such as functionalized molecular pores.

Macrocycles are important building blocks in supramolecular approach that enables completely regioselective functional
chemistry, exemplified in their diverse applications as group placement. These efforts usually suffer from the use
molecular pore3,artificial receptors, and components in  of low-yielding cycloglycosylation reactions to form the
complex supramolecular architectufeslthough an exten- macrocyclée.

sive array of macrocycle structures have been reported, few

examples offering the potential for selective functionalization oH oy °“°H
exist. In cases where water solubility is needed, the number MOK‘%\
of available choices becomes even smaller. - Ho O oH o °3\KH Bro\ OBn

Of the water-soluble macrocycles, the cyclodextrins (CDs) HO%V OH NN ///sncﬁ-‘ﬁ ogn
offer amphiphilic character along with sites for manipulation New H = BrO o"g,,
in the form of hydroxyl groups. However, these natural HJ}\X& on HO AL oH e?&H
products are under-utilized in supramolecular chemistry o "°¢Q; 2 Na
because the selective functionalization of the macrocycle is H\o%y" o L,
often prohibitively challenging Advances in this area allow HO

for partial control over the placement of functionality, but !

the traditionally lengthy total synthesis of CDs is the only As an alternative approach, we recently disclosed the
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Selvapalam, N.; Kim, H.-J.; Kim, KAcc. Chem. Re003,36, 621. that displayed an anomeric azide and a 4-propargyl ether at
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to conditions for Cu(l)-catalyzédHuisgen cycloaddition and  dehydrative glycosylation conditiohfollowed by anomeric
subsequent deprotection, a cyclodimer was isolated thatdeprotection of the newly formed disaccharide to furnish a
complexed 8-anilino-1-naphthalene sulfonate with an as- 70% yield of hemiacetab over the two steps. The azide

sociation constant similar to that gkcyclodextrin. Since
the trisaccharide? is synthesized from its constituent

moiety was installed under the same conditions that were
employed for the monosaccharide substrate to give a 94%

monosaccharides, one can place synthetic handles onto thgield of disaccharid& (3:1 a:f5). The anomers were again

molecule to allow for selective functionalization. This
strategy should allow for the placement of substituents at
any position on the periphery of the macrocycle via
interchange of protecting groups within its monosaccharide
building blocks.

Of the common natural CDs, properties such as -host
guest interactions, water solubility, and cavity size change

separated cleanly by flash column chromatography.

With the azide and alkyne substituents appended to the
monosaccharide and disaccharide substi&essd7, it was
found that the conditions for Cu(l) catalysis employed for
the trisaccharide cyclodimer worked for these compounds
as well (Scheme 2). Exposure of monosaccha@ide Cul

dramatically as the number of sugars increases fromosix ( _

CD) to eight §-CD).2 This trait provides researchers with
another property that can be tuned for a specific application.
Given the importance of such tunability, work began toward
variations of our original trisaccharide-based macrocycle that
utilized a monosaccharide or a disaccharide building block.
Herein the synthesis and complexing ability of carbohydrate
macrocycles are reported starting from an appropriately
protected monosaccharide or disaccharide.

These studies were initiated by synthesizing a monosac-
charide that contained the requisite anomeric azide and
4-propargyl ether moieties (Scheme 1). The fully function-

Scheme 1. Synthesis of Fully Functionalized Saccharides
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alized monosaccharidé was accessed in one step from
hemiacetal3.8 Activation of hemiacetaB with Ph,SO and
Tf,0 at—45 °C allowed for capture by trimethylsilyl azide
to afford a 95% yield of monosacchari€l1.8:1a:3), whose

anomers were separated cleanly by flash column chroma-

tography.

The corresponding disaccharide based upono-(1,4)
linked mannose units was synthesized in a similar manner
(Scheme 1). Donads glycosylated mannose accepfionnder

(7) (a) Rostovtsev, V. V.; Green, L. G.; Fokin, V. V.; Sharpless, K. B.
Angew. Chem.Int. Ed. 2002,41, 2596. (b) Tornoe, C. W.; Christensen,
C.; Meldal, M.J. Org. Chem2002,67, 3057.

(8) Saenger, W.; Jacob, J.; Gessler, K.; Steiner, T.; Hoffmann, D.; Sanbe,
H.; Koizumi, K.; Smith, S. M.; Takaha, TChem. Re»1998,98, 1787.
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and DBU for 20 h afforded cyclotrime}in 62% yield, with

the remainder constituting a mixture of tetramer through
hexamer byproducts as evidenced by MALDI-TOF mass
spectrometry. Cyclotrime8 offers a unique characteristic
in that it possesseaS; symmetry, in contrast to the pseudo-
C, symmetry of trisaccharide based cyclodinief

Similarly, upon exposure of the disaccharide substrate
to the Cu(l) conditions for 18 h, cyclodimé&0 was formed
cleanly in 89% yield (Scheme 2). Considering the possibility
of oligomerization of the disaccharide, this high yield may
be due to a presumably curved topology of the disaccharide
building block that could facilitate cyclization in preference
to oligomerization.

The deprotection of the benzyl groups was effected via
transfer hydrogenolysis with NHCO, and Pd/C in a solvent
mixture of 2:2:1 EtOAC/EtOH/KD for both macrocycle8
and10. This solvent combination afforded good solubility

(9) Garcia, B. A.; Gin, D. YJ. Am. Chem. So2000,122, 4269.
(10) We only observéH and3C resonances for the repeat unit of the
monosaccharide cyclotrimer and disaccharide cyclodimer.
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of both macrocycles as the polarity of the substrates change i N R

from nonpolar to polar during the removal of the hydrophobic
protecting groups. The crude reaction mixture was purified
by dialysis to give>99% yield of the desired macrocycles

9 and11from 8 and10, respectively. Although fully benzyl
protected saccharides were used, orthogonal protecting
groups could allow for facile post-cyclization site-selective
modification.

CDs display an amphiphilic character with a cone-like
hydrophobic cavity. A myriad of small molecules have been
shown to bind within the nonpolar cavity of CBsLikewise,
trisaccharide-based cyclodimdr was shown to bind a  Figure 1. NOEs (shown in red) observed for resonances of
functionalized naphthalene fluorophore. However, for ap- CYclotrimers upon irraditation of 2,4-hexadiyne-1,6-diol methylene
.. - protons (shown in blue)s(= strong,m = medium,w = weak).
plications such as molecular pores, the binding of small
organic molecules to macrocycle cavities can be a deleterious
property. Because of our interest in such applications, the complexes with these hosts are 580 and 18+ 2 M1,
propensity of macrocycle® and 11 to form host-guest respectively.
complexes was examined. Physical models of macrocycles Upon titrating the monosaccharide cyclotringawith the
9and1lindicated that such a hydrophobic cavity could exist 2 4-hexadiyne-1,6-diol guest? in D,O, an association
for these compounds but also suggested that the cavity shapegonstant of 8.8+ 1.5 M was calculated by nonlinear
differ significantly from those observed for CDs. regression analysis. When the same procedure was done
Further investigation of the cavity shape was performed using the disaccharide cyclodimét, we found an associa-
using the Molecular Operating Environment (MOE) soft- tion constant of 10.4- 1.1 M! as compared to 1& 2
warel?2 The structures ofu-CD, $-CD, monosaccharide M~ for 8-CD. To further verify that diynd 2 was forming
cyclotrimer9, disaccharide cyclodimerd, and trisaccharide  a complex with these macrocycles, NOESY1D spectra were
cyclodimer 1 were input into MOE, and the energy was obtained in RO for (10:1) mixtures of the diyne with each
minimized using the MMFF94 force field. The modeling of the two macrocyclic hosts. Irradiation of the singlet
predicted a toroidal cavity shape for the CDs and a distorted resulting from the methylene protons of the diyne guigst
shape for macrocycles 9, and11 Trisaccharide cyclodimer  showed NOEs to several signals on the monosaccharide
1 was predicted to have a well-defined and open cavity that cyclotrimer 9 (Figure 1). Since the NOESY1D pulse
should allow for guest binding. However, macrocydemnd sequence was utilized, only a qualitative estimate of the
11 were predicted to have cavities with nontoroidal shapes enhancements is reported £sstrong,m = medium,w =
and sterically restricted openings that could make guestweak). Similar NOEs were observed when the same experi-
binding more difficult. ment was performed using the disaccharide cyclodimer host
Nonetheless, the ability of macrocyclés and 11 to 11 (Figure 2). Enhancement of signals from protons on both
function as hosts in supramolecular complexes was inves-
tigated using'H NMR shift titration. Upon screening a _
variety of small molecules that are known to bind with CDs,
it was found that guests with six and five-membered aromatic
rings such as benzoic acid and pyrrole did not bind to
macrocycle® and11, presumably due to the small cavities
of 9 and11. These results demonstrate a contrast between
macrocycles such as CDs and trisaccharide cyclodintieat
bind small aromatic molecules and macrocyc®eand 11
that seem unable to bind these guests. Simple alkanols such
as 1-propanol and 1-butanol were also tried as guests in order
to minimize steric interactions between the macrocyclic hosts
and the guest, but the saturated hydrocarbon chains did not
provide measurable complexation-induced shifts (CIS). These
results led us to try 2,4-hexadiyne-1,6-dii (Figure 1).

; _ ; Figure 2. NOEs (shown in red) observed for resonances of
This water-soluble diyne has been shown to form Complexescyclodimerll upon irraditation of 2,4-Hexadiyne-1,6-diol meth-

With ,bOth o-CD andj-CD as detgrmined bjH NMR shift ylene protons (shown in blue)s & strong,m = medium,w =
titration!* The reported association constants for (1:1) weak).

(11) Rekharsky, M. V.; Inoue, YChem. Rev1998,98, 1875.

. (12)l:_/|0|egu|ar O|'c\>/|era;[ingI Eguirogmezrgb4version 2004.03; Chemical the secondary (20H side) and primary (LOH side) rims
omputing Group: Montreal, Canada, . .
(13) Huuskonen, J.. Buston, J. E. H.. Scotchmer, N. D.; Anderson, H. of the macrocycles strongly supports the assertion that the

L. New J. Chem1999,23, 1245. diyne threads through the macrocycles.
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The intermolecular NOEs observed for béthnd11 with modeling indicates that these macrocycles have small cavities
the diyne guest provides good evidence that the hosts are invith openings that are too sterically demanding for most
close proximity to the guest on the NMR time scale. small organic molecules to enter. The installation of or-
Although these data suggests a complex is forming betweenthogonal protecting group handles should allow for the site-
the host and guest for these two macrocycles, the associatiorselective manipulation of these new macrocycles providing
constants for these interactions are small. As is predicted byfor their use in a wide array of applications for supramo-
molecular modeling, this is likely due to the steric interac- lecular chemistry. Studies toward the selective functional-
tions encountered by guest molecules attempting to enter theization of these macrocycles are currently underway.
small angular cavities of macrocycl®sand11. Therefore,
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