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The construction of multivalent structures such as sugar heterodimers, glycoclusters, calix sugars, multicalixarenes, and glycocyclodextrins
is designed by using 1,3-dipolar cycloaddition as a versatile and efficient tool which allows the creation of heterocyclic bridges between the
different units that are coupled.

The rational design of supramolecular structures with awell-  In the field of molecular recognition and following the
defined architecture has attracted much attention during theobservation of the so-called “cluster” or “multivalent efféct”
past few decadésWork on these molecular assemblies high-affinity lectin ligands have been developed by coupling
ranges from the attempt to understand the molecular recogni-saccharides in a multiple fashion to a variety of different
tion phenomena to the capacity to mimic the catalytic carriers, giving rise to chemically well-defined homogeneous
capacity of enzymes. As a consequence, new terms andieoglycoconjugates (glycopolymerinear polymers, gly-
structures such as crown ethers, dendrimers, calixarenesgoclusters, oligomers, and polyamino aei@sd glycoden-
clusters, cyclophanes, etc. have emerged in organic chemistrgrimers) with systematic varied shapes and carbohydrate
and the preparation of such entities has contributed to thedensities Among these neoglycoconjugates, glycoclusters
development of suitable synthetic protocols. or nonlinear medium-sized glycoconjugates have usually
been constructed using aza macrocyélgmlyamines,
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such multivalent structures is usually performed in the later of a variety of compounds such as higher sudar€-
steps of the synthesis and have been carried out using alisaccharide¥!and aminocyclitold®> On the basis of the easy

variety of strategies such as formation of thiodrea’absi
or amide bridge®?® by reaction of amines with isothiocy-
anates orcarboxylic acids, respectively, by use of glycosytafith
or by nucleophilic substitutioff.¢-9¢:10

introduction of alkynes in a substrate, we designed two
approaches that use such a function as the dipolarophile in
the cycloaddition reaction: synthesis of 1,2,3-triazole and
synthesis of isoxazoles (1,2-oxazoles) by reaction, respec-

On the other hand, the versatility of calix[4]arenes as host tively, with azides and nitrile oxides as the 1,3-dipolar
molecules has been widely exploited for designing a large functions.
variety of synthetic receptor molecules for the binding of  Following the first approach, our first goal was the
relatively small guest species (cations, anions) and smallconstruction of sugar-containing molecules usigprop-
neutral molecule$! Most synthetic-based calixarene recep- argyl glycosides that are easily obtainable. Thus, we achieved
tors have been prepared using the methodologies of classicathe assembly of two sugar units by reaction of compound
organic synthesis and, recently, by combination of different 1¢ with 1,2-ethanediazid®'’2 as the connecting spacer,
or similar molecular building blocks in the so-called modular leading to a mixture of the bis(triazole) sugar dinter
approachc (Scheme 1). In a slight variation, the construction of sugar

In the search for new strategies for the covalent assembly
of the different components of such multivalent or supramo-
lecular structures, we thought that 1,3-dipolar cycloaddition
reactions could be used as an efficient tool allowing for the
simultaneous building up of aromatic systems that could
positively contribute to the hydrophobicity and rigidity. 1,3-
Dipolar cycloaddition to alkenes and alkynes is a well-
established and general method for the synthesis of bothgg
nonaromatic and aromatic five-membered-ring heterocyéles.
In the carbohydrate field inter- as well as intramolecular 1,3-
dipolar cycloaddition has found application in the synthesis
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aLegend: (a) 0.61 mmol of, 0.27 mmol of2, toluene, reflux,
72 h, 70%; (b) 1.1 mmol of, 1.0 mmol of5, toluene, reflux, 30
h, 70%; (c) 0.7 mmol o#l, 0.2 mmol of7, toluene, reflux, 6 days,
80%.
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a Obtained fronmp-tert-butylcalix[4]arene and propargyl bromide with 84% yiéltlegend: (a) 0.1 mmol of, 0.24 mmol of 9, toluene,
reflux, 6 days, 57% overall yield fatO + 11; (b) 0.14 mmol of7, 0.14 mmol of 12, toluene, reflux, 5 days, 90% overall yield.

intermolecular cycloaddition reaction of compouddsand
5170 afforded in this case the triazole sugar dinGeas a
mixture of the two possible regioisomers. These cycloaddi-

reaction with the diazide7 led to the three possible
regioisomers of the corresponding double-bridged bis(calix-
[4]arene) derivativel3.

tion reactions also were shown to be adequate for the Next, we investigated the utility of the nitrile oxide based

construction of calix sugars. Starting from 25,27-bis(bro-
moethoxy)-26,28-dihydroxy-5,11,17,23-teteat-butylcalix-
[4]arenel® we prepared in a straightforward fashion the
diazide calixarene derivativgé which was then reacted with
the propargyl glycosidd, giving a regioisomeric mixture
of calix sugar 8. All the aforementioned reactions of
propargyl glycosides with azides allowed the assembly in
good to high yields, but in all cases no regioselectivity was
observed and a mixture of regioisomers was obtained.

We also performed the preparation of multicalix[4]arenes
by following the same last principle: i.e., incorporation of
the 1,3-dipole function and the dipolarophile in different
calixarene units. Reaction of the mono(propargyloxy)calix-
[4]arene derivativ®?® with the diazide calixarene derivative
7 yielded the tris(calix[4]arene) derivativé® and11, which

approach. Two general methods are in common usage for
the generation of such a function. The first one is the thermal
or base-mediated dehydrochlorination of a hydroximoyl
chloride?* The second method for the in situ production of
nitrile oxides uses the dehydration of nitromethyl compounds
under widely used Mukaiyama conditions (use of phenyl
isocyanate}? On the basis of this last procedure, we
efficiently prepared the dimer glycosid&g—19 by reaction

of the galactopyranosyl nitrile oxide derivati¢db (obtained

in situ from 2,6-anhydro-1-deoxy-1-nitm-glycerop-man-
noheptito?® (14a)) with the propargyl glycosides 15, and

16 derived fromp-glucose p-galactose, and lactose, respec-
tively (Scheme 3). We also synthesized the trivalent and
tetravalent galactose cluste2 and 23 by reaction of the
same nitrile oxide derivativé4b with the tri- and tetraprop-

could be isolated as pure compounds from the crude reaction2r@y! pentaerythritol derivative20b and 21.

mixture (Scheme 2). When we applied the cycloaddition
strategy in the difunctional bis(propargyloxy)calix[4]arene
12 instead of the mono(propargyloxy) derivati& the

(16) Kaufman, R. J.; Sidhu, R. 8. Org. Chem1982,47, 4941.

(21) Christl, M.; Huisgen, RChem. Ber1973,106, 3345.
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(17) (a) Obtained from 1,2-dibromoethane and sodium azide. (b) Obtained NMR (300 MHz, CDC}): 6 6.41(s, 7 H), 5.52 (d) = 3.0 Hz, 7 H), 5.35

using the trichloroacetimidate method.
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(t, J = 10.2 Hz, 7 H), 5.19 (ddJ = 10.2, 3.4 Hz, 7 H), 5.12 (br s, 7 H),
4.65—4.50 (m, 21 H), 3.65, 3.53 (2 s, 42 H), 3.20 (bdes 9.5 Hz, 7 H),

2.18, 2.03, 1.99, 1.92 (4 s, 84 HFC NMR (75 MHz, CDC}): 6 170.4,
170.3, 169.7, 169.4, 160.9, 114.1, 101.6, 99.2, 81.7, 74.8, 73.1, 71.7, 71.2,
70.2, 67.6, 67.5, 61.2, 61.6, 61.5, 58.7, 20.7, 20.6. HR-MS (FAB+): calcd
for CagHa4sN7O10Na [M +NaJ*, 4231.394; found, 4231.394.
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from heptakis(2,3-di-O-methyl)cyclomaltoheptaose 24),
with 14b gave rise to the glycocyclodextria6?® in high
yields (Scheme 4). It should be noted that the utilization of

17R'=0Ac; R2=H 19R'= AO _OAc {RZzH Scheme 4
1=H R2= Q.
18 R' = H; R? = OAc Aco&/o AD  onc
OAc
Q N—
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OAc = > 5
182 R=CHNO, o) b OMe
14b R= C=N=0 OMe|_ 4
24R=H 26

25 R = CH,C=CH

D alegend: (a) 1 mmol of24, 14 mmol of BrCHC=CH,

O—N Br(Bu)sN, 50% NaOH aqueous solution, GEl,, 48 h, 70%; (b)
= 0.52 mmol ofl14a, 0.063 mmol o5, 0.52 mmol of GHsNCO,
0.1 mL of EgN, toluene, reflux, 24 h, 78%.

nitrile oxides as the dipolar function allowed the regiose-
lective formation of the isoxazole ring and the isolation of
R OAc pure isomers in the assembled structures.

" 20a* HOCH,C(CH,0CH,C=CH),
1
Raco o

20b ® ACOCH,C(CH,OCH,C=CH),
212 C(CH,OCH,C=CH),

In conclusion, the results described herein demonstrate that

0Ac 1,3-dipolar cycloadditions are an efficient and highly versatile

- S:gﬁg;fz&ﬂ Re= AcOQ °A°O tool for the construction of multivalent structures, creating
16R1= a0 ore  RE=H Aco% aromatic heterocyclic bridges between the different units that
ACO%O OAc are coupled. To date the application by us of this strategy

OAc

has allowed the preparation of a wide variety of these

aObtained from pentaerythritol: 14.7 mmol of pentaerythritol, Structures, such as sugar heterodimers, glycoclusters, calix
in 15 mL of DMSO, 50 mmol of NaOH in 5 mL of yD, 8.8 mmol sugars, multicalixarenes, and glycocyclodextrins. The wide
of BrCH,C=CH, room temperature, 24 h, 71%28aand 18% of ~ yariety of 1,3-dipolar cycloadditions using different 1,3-
21.° Conventional acetylation dtOayields 20b, 92%.¢ Legend: dioolar functi d diff t dinol hil
(@) 1 mmol ofl4a, 1 mmol of GHsNCO, 0.1 mL of EtN, 1 mmol Ipofar functions and difierent dipolarophiles opens a new
of 7, 15, or16, toluene, reflux, 16 h fof, 36 h forl5and 18 h for gateway for the construction of tailored multivalent struc-
16, 93% forl7, 92% forl8 and 90% forl9; (b) 1.23 mmol ofl4, tures.
0.34 mmol of20b, toluene, reflux, 2 days, 57%; (c) 0.77 mmol of
14a, 0.8 mmol of @HsNCO, 0.1 mL of Et{N, 0.18 mmol of23,
toluene, reflux, 2 days, 64%. Acknowledgment. This work was financially supported
by the Direccion General de Investigacion Cientifica y

Tecnica (PB98-1320).
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In a final experiment, the reaction of heptakis(2,33di-
methyl-6-O-propargyl)cyclomaltoheptaose?5), obtained
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