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A new series of water-soluble tetravalent glycoclusters incorporating b-lactosyl residues attached to
a central calix[4]arene core was synthesised using azideealkyne Cu(I)-catalysed cycloaddition (‘click
chemistry’). Carbohydrate moieties were attached either to the upper or lower rim of rigid cone-shaped
or partial cone macrocycles via 14e21 atom spacer arms. The glycoclusters with a C4-symmetrical ar-
rangement of b-lactosyl residues showed trypanocidal activity, with one of them showing comparable
activity to established anti-trypanosomal drug benznidazole in in vitro anti-parasite assays.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Given the important roles played by carbohydrateeprotein in-
teractions in many biological recognition events,1 development of
new tools to facilitate understanding of these events at the molec-
ular level remains an important challenge.2 Since carbohy-
drateeprotein interactions are generally weak, special efforts are
often required to achieve tighter binding of carbohydrate-based li-
gands. One of the established approaches to such improved ligands
is based on a concept of the cluster effect,3 which is related to the
number and the geometry of carbohydrate residues and also de-
pends on their steric bulk, densityand relative distance, aswell as on
the three-dimensional arrangement, which is determined by the
nature of a central core or a scaffold. Application of the cluster effect
concept in the field of synthetic carbohydrate chemistry has led to
the design of a wide variety of multivalent neoglycoconjugates.4

Calix[4]arene5 is an attractive scaffold for the construction of
multivalent glycoconjugates due to the unique shape of its
bbsrc.ac.uk (R.A. Field).

All rights reserved.
conformers, its synthetic versatility and low cost.6 Each of the two
distinct rims present in the cone-shaped conformer of calix[4]arene
can be derivatised selectively using a variety of synthetic ap-
proaches, including Cu(I)-assisted 1,3-dipolar azideealkyne cyclo-
addition (CuAAC),7 leading to symmetrical glycoclusters bearing
four8 or two8a,b,e,f,9 sugar residues. In addition, neoglycoconjugates
with asymmetrically presented ligands can be accessed by means
of selective chemical modifications of calix[4]arene locked in par-
tial cone or 1,3-alternate conformations.10 Through the changes of
the conformation of the macrocyclic scaffold and variation of the
type and length of a carbohydrate-calix[4]arene linkers one can
achieve control over the most important characteristics of multi-
valent neoglycoconjugatesdthe three-dimensional arrangement of
sugar residues. The possibility of such control in synthetic cal-
ixsugars is particularly valuable in the search for the best multi-
valent ligands for poorly defined receptors.

Lactose (galactoseb-1,4-linked toglucose) and its derivativeshave
been shown to inhibit11 the trans-sialidase from Trypanosoma cruzi
(TcTS), the etiological agent of Chagas’ disease.12 Given the essential
roles of TcTS in parasite infection and survival, this enzyme is a po-
tential target fordrugdevelopment. In the course of ourworkonTcTS
substrate specificity and inhibitor development,13 we identified
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a series of triazole-modified galactose derivatives that showed
promising trypanocidal activity while only showing modest TcTS
inhibition.13bGenerally,monovalent compoundsdisplay ratherweak
inhibitory activity against TcTS.14 Given the multi-copy, parasite cell
surface presentation of TcTS, wewere drawn to evaluate multivalent
galactosides/lactosides as potential anti-T. cruzi agents.

In this paper we report the synthesis of a series of water-soluble
lactose-containing calix[4]arene conjugates via Cu(I)-assisted 1,3-
dipolar azideealkyne cycloaddition (CuAACd‘click chemistry’).
The spatial arrangement of b-lactosyl ligands in these neo-
glycoconjugates is defined by (i) their presentation either on the
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Scheme 1. Reagents and conditions: (a) NaH, dry DMF, 75 �C, 17 h, 76%; (b) CH3COOH, HNO3, CH2Cl2, rt, 6 h, 70%; (c) H2ePd/C, CH2Cl2, 50 �C, 17 h, 95%; (d) CH2Cl2, rt, 17 h, 85%.
top or the bottom rim of the macrocycle, and (ii) the variable length
and structure of the linker between the core and the carbohydrate
structure. The activity of these calixsugars towards the parasite T.
cruzi is also reported.

2. Results and discussion

In order to prepare calixsugars modified on either the upper or
lower rim, synthetic approaches were adopted that relied upon
‘click’ coupling of suitable azide and alkyne building blocks. Ex-
amples of both sugar alkynes and sugar azides were investigated in
conjunction with the cognate azide- or alkyne-functionalised cal-
ixarene, respectively.

2.1. Conjugation of lactose residues to the upper rim of calix
[4]arene

Functionalisation of the more open upper rim of calix[4]arene
fixed in a rigid cone-shaped conformation allows the design of
C4-symmetric tetravalent structures. In these molecules pendant
groups are present in all-syn orientation and relatively free from
steric hindrance. In the case of multivalent glycomimetics such ar-
rangement of attached saccharides could be advantageous for car-
bohydrateeprotein interaction and a number of calixsugars have
been prepared before with this in mind.8e,f,15 A calix[4]arene build-
ing block suitable for attachment of acetylenic lactosides by means
of copper-mediated azideealkyne cycloaddition (CuAAC) was
designed in the form of tetra-azide 7 (Scheme 1). The cone shape of
target calixarenes (1e5) was fixed by functionalisation of the lower
rimwith methyl-capped triethylene glycol chains, which were also
introduced to improve the water solubility of the final construct.
Alkylation of calix[4]arene 1 with tosylate 216 was performed
under standard conditions (NaH in DMF) and afforded compound
3, which was subjected to ipso-nitration according to a known
procedure.17 As a result, compound 3 underwent a direct re-
placement of all tert-butyl groups with nitro groups giving de-
rivative 4, which was hydrogenated in the presence of a PdeC
catalyst affording the tetra-amino derivative 5. Reaction of 5 with
four molecules of N-succinimidoyl ester 618 led to target azide-
functionalised calix[4]arene 7 in 43% overall yield.

Two lactose derivatives bearing alkyne-terminated aglycones
were prepared (Scheme 2). S-Linked lactoside 9was synthesised in
62% yield by amide coupling of readily available N-succinimidoyl
ester 819 with propargylamine. Glycosidation of peracetylated
a-lactose trichloroacetimidate 1020 with the monopropargyl ether
of triethylene glycol, 11,21 in the presence of TMSOTf led to O-b-
lactoside 12 in 50% yield. Attachments of alkynes 9 and 12 to cal-
ixarene core 7 were carried out using a Cu(I)-catalysed azido-
ealkyne cycloaddition approach under conditions previously used
by us22 and others23 (CuSO4/Na ascorbate, DMF, 70 �C, microwave
reactor) and, which are suitable for fully protected carbohydrate
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derivatives. The syntheses were performed in a microwave reactor
in DMF solution at 70 �C in the presence of 0.2 equiv of CuSO4 and
0.4 equiv of sodium ascorbate. The product was purified by silica gel
chromatography, giving the tetra-lactosyl derivative 13 in 80% yield
(Scheme 3).
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Scheme 3. Reagents and conditions: (a) CuSO4, Na ascorbate, DMF, MW, 70 �C, 20 min, 80% for 13 and 15; (b) 0.1 M NaOMe in MeOH, 2 h, rt, 81% and 79% for 14 and 16, respectively.
The structural features of 13 were evident from the analysis of
its NMR spectra. The fixed cone conformation and the C4 symmetry
of the calix[4]arene scaffold were confirmed by its 1H NMR spectra,
which had two doublets at d 3.12 and 4.45 ppm, corresponding to
the equatorial and axial protons of the methylene bridges of the
macrocycle, and a singlet at d 6.85 ppm, which corresponds to the
aromatic protons of the macrocycle. The large positive D(dC4edC5)
values (ca. 22 ppm) in 13C NMR spectra of 13 indicated that all
newly-formed 1,2,3-triazole rings had the desired 1,4-substitution
[data for the isomeric 1,5-substituted triazoles D(dC4edC5) were
expected be ca. �7 ppm].8e The original b-D-configuration of all
glucopyranosyl residues in 13 was preserved, as expected and as
confirmed by the large vicinal coupling constant (J1,2 w8.0 Hz)



OO OO

17

TsO O
O N3

a

18

1

12

b

OO OO

O

O

O

O

O

O

O

O

N
N
N

NN

N
NN

N

O

RO

RO

O

RO OR

O

RO

RO

OR

O

O

O

O

+

O

RO
RO

O

RO OR

O

RO

RO

OR

O

O

O

O

O

RO
OR

O

RO
OR

O

RO

RO

OR

O

O

O

O

O

RO OR

O

RO
OR

O

RO

RO

OR

O

O

O

O

NN

N

19 R= Ac
20 R= H

c

O

O

N3

O

O

N3

O

O

N3

O

O

N3

Scheme 4. Reagents and conditions: (a) NaH, DMF, 75 �C, 17 h, 50%; (b) CuSO4, Na
ascorbate, DMF, MW, 70 �C, 20 min, 52%; (c) 0.1 M NaOMe in MeOH, 2 h, rt, 92%.

E. Galante et al. / Tetrahedron 67 (2011) 5902e5912 5905
observed in 1H NMR spectra. Deacetylation of the carbohydrate
components of 13 was achieved by the action of 0.1 M NaOMe in
MeOH and gave fully deprotected tetrakis-lactoside 14 in 81% yield.
The structure of 14 was confirmed by NMR spectroscopy and MS
analysis, which revealed a peak atm/z¼3516.5 corresponding to the
[MþNa]þ ion.

Multiple 1,3-dipolar cycloaddition reactions, under the same
conditions, as described for glycocluster 13, were employed for the
synthesis of peracetylated tetravalent glycocalixarene 15. The latter,
obtained in the same yield as 13 (80%), was deacetylated under
standard conditions (NaOMeeMeOH) to give compound 16. De-
spite the presence of a large number of the overlapping signals for
the methylene groups belonging to linkers, the analysis of 1H and
13C NMR spectra of 16 provided evidence for the correct structure:
the regioselectivity of cycloaddition reactions [large D(dC4edC5)¼
19.1 ppm in 13C NMR spectra] revealed all characteristic features of
the calix[4]arene scaffolds (C4 symmetry and cone conformation on
the basis of doublets at d 3.15 and 4.55 ppm corresponding to
methylene bridges) and characteristic signals for the anomeric
centres of the b-lactosyl residues (4.37 ppm, d, J¼7.7 Hz, Gal H-1;
4.35 ppm, d, J¼7.9 Hz, Glc H-1). MALDI-TOF MS of 16 showed
a signal at m/z¼3696.5 corresponding to the [MþNa]þ ion.

Attempts were also made to couple tetra-amine 5, lacking ad-
ditional 6-azidohexanamido linkers, with an excess of N-succini-
midoyl ester 8 in order to synthesise analogues of glycocluster 13
lacking the aliphatic spacer and triazole fragments of the linker
moiety. However this amide coupling resulted in a mixture of
conjugation products in low overall yield (<20%) and consisting of
di- (m/z¼2953.7), tri- (m/z¼3665.9) and tetra-substituted
(m/z¼4367.6) compounds, as revealed by analysis of [MþNa]þ

peaks in MALDI-TOF mass spectra. Clearly, cycloaddition conjuga-
tion procedures leading to 13 and 15 (Scheme 3) were much more
efficient, but they can also benefit from the longer linkers con-
necting reactive azide functionalities to the macrocyclic core
(compound 7).

2.2. Lower rim modification of calix[4]arenes by attachment
of alkyne 12 or azide 23

Conjugation of carbohydrate ligands to the lower rim of calix[4]
arene is facilitated by the presence of phenolic OH groups, which
can be used for the attachment of various types of linkers, func-
tionalised either with azides or alkynes at their ends. Thus, alkyl-
ation of generic calix[4]arene 1 with u-azidotriethyleneglycol
tosylate 1721 produced tetra-azide derivative 18 in 50% yield.
Compound 18 represents a suitable scaffold for multiple conjuga-
tions via Cu(I)-catalysed 1,3-dipolar cycloaddition (Scheme 4).

The reaction of tetra-azide 18 with a b-lactoside containing
a terminal alkyne, as in 12, was carried out under the same condi-
tions as used for synthesis of 14 and 16, albeit with lower efficiency.
After silica gel chromatography, tetravalent calixsugar 19 was
obtained in 52% yield. The lower coupling efficiency in this casewas
accounted for bymore steric hindrance at the lower rim of 18, which
made formation of the lactoside tetramer product more difficult
compared to calix[4]arene 7 bearing reactive azido functionalities
on more open upper rim. Complete deacetylation of sugar residues
in 19under standard conditions led to tetravalent b-lactosyl-calix[4]
arene glycocluster 20. 1H and 13CNMR spectra of both protected (19)
and deprotected (20) compounds confirmed the symmetry of these
structures and the presence of solely 1,4-substituted triazole
bridges. Sodium adducts of molecular ions in MALDI-TOF mass
spectra corresponded to the expected masses of tetra-substituted
structures 19 (m/z 4525.6) and 20 (m/z 3350.5), respectively.

Tetra-propargyl derivatives of calix[4]arene 2124 and its partial
cone conformational isomer, 22,25 represent another type of core
molecule suitable for the attachment of sugar ligands equipped
with azido groups.26 Thus, Cu(I)-catalysed cycloaddition of 21 and
22 and known b-lactoside 2327 incorporating a N3-terminated
spacer-arm, under the conditions of microwave-assisted reaction
described above, yielded conjugates 24 and 26, which were isolated
after silica gel chromatography purification in 55% and 66% yield,
respectively (Scheme 5).

Analysis of itsNMRspectra provided evidence for the structure of
the C4-symmetrical compound 24, having characteristic doublets at
3.20 and 4.15 ppm corresponding to the equatorial and axial
methylenebridgeprotons, respectively, of the calix[4]arene core.13C
NMR spectra also showed1,4-substitution of the 1,2,3-triazole rings,
based on the large value of D(dC4edC5) (18.4 ppm). Deacetylation of
sugar residues in 24 afforded unprotected cone-shaped calixsugar
25, NMR data for which were consistent with the proposed struc-
ture.MALDI-TOFmass spectra of24 and25 revealed sodiumadducts
of their molecular ions atm/z 3996.9 and 3002.9, respectively.

The partial cone shape of the calix[4]arene scaffold of calixsugar
26 was reflected in the appearances of multiple signals of triazole
and aromatic rings in its 1H NMR spectra: singlets at d 8.05, 7.85 and
7.83 ppm in a ratio 2:1:1 belonged to the triazole residues and
signals at d 7.05, 6.85 and 6.81 ppm and 6.36 in 1:1:1:1 ratio were
assigned to aromatic protons. There were no detectable differences
in chemical shifts of signals of lactose residues in 13C NMR spectra
of 26, which appeared as a set of peaks assigned on the basis of the
interpreted spectrum of precursor 23. Deacetylation of sugar resi-
dues in 26 afforded unprotected partial cone-shaped calixsugar 27,
which was also characterised by NMR spectroscopy. MALDI-TOF
mass spectra of 26 and 27 revealed sodium adducts of their mo-
lecular ions at m/z 3997.3 and 3002.7, respectively.

2.3. In vitro trypanocidal activities of calixsugars 14, 16, 20, 25
and 27

The five calixsugars prepared in this study were assessed for
their activity against whole parasites. The trypanocidal activities of
compounds 14, 16, 20, 25 and 27 were evaluated against the host
infectious trypomastigote form of T. cruzi Y strain. This was
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achieved by counting the number of motile forms of the parasite
after treatment with compounds of interest at the range of con-
centrations, according to the protocol of Brener.28 Benznidazole
(28), the current front-line drug used to treat Chagas’ disease, was
Fig. 1. Trypanocidal activities of calixsugars 14, 16, 20,
employed as a positive control in these tests.29 Results of parasite
viability measured in this way are summarised in Fig. 1. The con-
centrations of compounds corresponding to 50% trypanocidal ac-
tivity after 24 h of incubation are expressed as IC50try (Table 1).
25, 27 and reference compound benznidazole 28.



Table 1
Trypanocidal activities of compounds 14, 16, 20, 25, 27
and benznidazole 28 expressed as IC50Try

Compound IC50Try (mM)

14 0.278�0.004
16 0.502�0.001
20 0.266�0.018
25 0.068�0.005
27 1.60�0.65
28 0.067�0.005
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As shown in Fig. 1 and Table 1, of the calixsugars tested com-
pound 25 displayed remarkably potent trypanocidal activity,
resulting in 50% cell kill (IC50try) at 62 mM concentration. In fact, this
compound proved to be as effective under these assay conditions as
the reference benznidazole 28 (IC50try 67 mM). Other symmetrical
tetravalent calixsugars also exhibited reasonable activities, de-
creasing in order 20>14>16. In contrast, unsymmetrical partial
cone compound 27 showed relatively low activity. Glycoclusters 14
and 20 showed lower IC50try than the analogous compounds 16 and
25, respectively, having longer linkers between the calix[4]arene
core and the b-lactosyl residues. The location of carbohydrate res-
idues with respect to the macrocycle core (i.e., on the top or bottom
rim) seems to be less important.

In order to compare the trypanocidal activities of synthetic
calixarene-based glycoclusters with their component parts (i.e.,
calixarene and tether-containing lactosides), similar trypanocidal
tests were carried out with compounds 3e5, 7, 18, 21e23. In all of
these cases the trypanocidal activity was at best marginal weak
negative showing only marginal activities for some sample at
>200 mM concentration. In addition, trypanocidal activity tests
with b-lactoside 23, representing a single spacer-armed component
of glycoclusters 20, 25 and 27, were also carried out but no signif-
icant activity was detected at >200 mM concentration.
3. Conclusions

In summary, we have completed the synthesis of five new tet-
ravalent calix[4]arene-based glycoclusters, employing 14e21 atom
long linkers incorporating 1,2,3-triazole rings to present terminal
b-lactosyl residues from a central macrocyclic core. The triazole
rings were formed as a result of Cu(I)-catalysed azideealkyne cy-
cloaddition, which served as an efficient glycoconjugation reaction.
We observed that the efficiency of these conjugations were es-
sentially unaffected by the design of the calix[4]arene-based scaf-
fold, which may have azide or alkyne reactive functional groups
attached, via spacers, either to the upper or to the lower rims of the
rigid-shape macrocycle.

Biological evaluation of the synthetic calixsugar glycoclusters
14, 16, 20, 25 and 27 provided evidence for anti-parasite activity.
Experiments with trypomastigote forms of T. cruzi revealed trypa-
nocidal activity for all synthesised glycoclusters, with the highest
potency shown by calixsugars having the all-syn orientation of
saccharide moieties. Under these assay conditions, surprisingly the
calixsugar 25 proved to be equipotent to the established anti-
trypanosomal drug benznidazole. Bioassays with the glycocluster
component parts showed no activity, supporting the notion that
multivalent display of lactose ligands is key to efficacy.

As with our other recent work of sugar triazoles,13b the re-
markable trypanocidal activity observed in this study is difficult to
rationalise. While lactosides are indeed TcTs ligands/substrates, the
biological function of this enzyme is associated with manipulation
of parasite cell surface glycosylation. It is not clear that inhibition of
this process would give rise to parasite kill in vitro, although in-
ability to manipulate its surface glycosylation in vivo would be
expected to render the parasite sensitive to the defences of the
infected host. This suggests that the trypanocidal activity associ-
ated with calixsugar 25 may well not be associated with inhibitor
binding to TcTS.

Though the role of multi-valency in the mechanism of trypa-
nocidal activity of the calixsugars investigated in this study is not
yet clear, the fact that it is dependent on the fine structure of the
b-lactosyl glycoclusters presents the possibility of further im-
provement in design of such multivalent glycoconjugates. Studies
addressing this point will be presented in due course.

4. Experimental section

4.1. General methods

All chemicals were purchased as reagent grade and used with-
out further purification. N-benzyl-2-nitro-1-imidazolacetamide
(benznidazole 28) (Roche) was used as a reference drug in trypa-
nocidal activity assays.

Solvents were dried according to standard methods. NaH was
used as a 60% suspension in mineral oil. Reactions were monitored
by thin layer chromatography (TLC) on 0.25 nmpre-coated silica gel
plates (Whatman, AL SIL G/UV, aluminium backing) with the in-
dicated eluents. Compounds were visualized under UV light
(254 nm) and/or dipping in ethanolesulfuric acid (95:5, v/v) or
a solution of CeSO4 (1% w/v)ephosphomolybdic acid (2.5% w/v) in
6% aqueous sulfuric acid, followed by heating the plate at 120 �C.
Column chromatography was performed on a Biotage SP4 FLASH
Chromatography systemusing 12mmor 25mm silica gel cartridges
with the eluents indicated. The microwave-assisted reactions were
carried out in a Biotage Initiator System, using sealed tubes.

1H and 13C NMR spectra were recorded on a JEOL Lambda
spectrometer at 400 MHz and 100 MHz, respectively. Assignments
were made with the aid of HSQC and COSY experiments. Number-
ing system used in assignment of NMR spectra for calix[4]arene
derivatives is shown in Fig. 1. Optical rotations were measured at
ambient temperature on a PerkineElmer model 341 polarimeter
using a sodium lamp. Electrospray ionizationmass spectra (ESI-MS)
and MALDI-TOF-MS were obtained from the John Innes Centre
metabolite analysis platform on a Thermo Finningan DecaXPplus

and a Bruker Ultraflex mass spectrometer, respectively, both op-
erating in positive ionization mode.

4.1.1. 5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27,28-tetrakis[2-
(2-(2-methoxyethoxy)ethoxy)ethoxy]-calix[4]arene (3). To a stirred
mixture of p-tert-butylcalix[4]arene (1) (1.00 g, 1.54 mmol) and NaH
(60% suspension, 440 mg,10.8 mmol) in dry DMF (25mL) was added
tosylate 216 (3.40 g, 10.8 mmol), the mixture was heated at 75 �C for
17 h and thenpoured into 1NHCl solution (150mL). Themixturewas
extracted with CH2Cl2, the combined organic phases were washed
with water, dried over Na2SO4, filtered and solvents were removed
under vacuum.Compound3waspurifiedbycolumnchromatography
(EtOAceMeOH 95:5) giving a colourless syrup (1.45 g, 76%). 1H NMR
(CDCl3, 297K): d¼6.76 (s,8H,Ar), 4.42 (d,4H, J¼12.6Hz,ArCH2Ar), 4.10
(t, 8H, J¼6.0 Hz, ArOCH2), 3.94 (t, 8H, J¼6.0 Hz, ArOCH2CH2O),
3.74e3.60 (m, 24H, OCH2CH2OCH2CH2OCH3), 3.57e3.51 (m, 8H,
CH2OCH3),3.38(s,12H,OCH3), 3.09(d,4H, J¼12.6Hz,ArCH2Ar),1.07 (s,
36H, t-Bu). 13C NMR (CDCl3, 297 K): d¼153.3 (C5, C11, C17, C23), 144.5
(C25,C26,C27,C28),133.8 (C1, C3, C7, C9, C13,C15,C19,C21),124.9 (C4,
C6, C10, C12, C16, C18, C22, C24), 72.7 (ArOCH2), 71.9 (CH2OCH3), 70.3,
70.4, 70.5, 70.6 (CH2OCH2CH2OCH2CH2OCH3), 58.9 (OCH3), 33.6
(C(CH3)3), 31.3 (C(CH3)3), 30.9 (C2, C8, C14, C20). ESI-MS: MþNH4

þ,
found 1251.7. C72H112O16NH4 requires 1250.83.

4.1.2. 5 ,11,17,23-Tetranitro-25,26,27,28-tetrakis[2-(2-(2-
methoxyethoxy)ethoxy)ethoxy]-calix[4]arene (4). To a solution of
compound 3 (1.45 g, 1.16 mmol) in CH2Cl2 (20 mL) was added
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glacial CH3COOH (20 mL) and fuming HNO3 (5.3 mL); the mixture
was stirred for 6 h at 20 �C. The reaction was quenched by addition
of H2O (120 mL) and the mixture was extracted with CH2Cl2
(3�100 mL). The organic layer was dried, and the solvents were
removed under vacuum. Compound 4 was purified by column
chromatography (EtOAceMeOH 95:5) to give a colourless syrup
(975 mg, 70%). 1H NMR (CDCl3, 297 K): d¼7.58 (s, 8H, Ar), 4.65 (d,
4H, J¼12.6 Hz, ArCH2Ar), 4.25 (t, 8H, J¼8.0 Hz, ArOCH2), 3.82 (t, 8H,
J¼8.0 Hz, ArOCH2CH2O), 3.63e3.53 (m, 24H, OCH2CH2OCH2-
CH2OCH3), 3.52e3.48 (m, 8H, CH2OCH3), 3.39 (d, 4H, J¼12.6 Hz,
ArCH2Ar), 3.38 (s, 12H, OCH3). 13C NMR (CDCl3, 297 K): d¼161.8 (C5,
C11, C17, C23), 143.0 (C25, C26, C27, C28), 135.7 (C1, C3, C7, C9, C13,
C15, C19, C21), 123.9 (C4, C6, C10, C12, C16, C18, C22, C24), 74.3
(ArOCH2), 71.8 (CH2OCH3), 70.6, 70.5, 70.4, 70.3 (CH2OCH2-
CH2OCH2CH2OCH3), 58.9 (OCH3), 31.0 (C2, C8, C14, C20). ESI-MS:
MþNaþ, found 1211.8. C56H76N4O24Na requires 1211.47.

4.1.3. 5,11,17,23-Tetraamino-25,26,27,28-tetrakis[2-(2-(2-me-
thoxyethoxy)ethoxy)ethoxy]-calix[4]arene (5). A solution of compound
4 (966mg, 0.812mmol) in AcOEteMeOH (9:1,100mL)was vigorously
stirred with Pd/C catalyst under H2 atmosphere for 17 h at 50 �C. The
catalyst was removed by filtration and the filtrate was concentrated
under vaccum to give tetra-amine 5 as a colourless amorphous solid
(823 mg, 95%). 1H NMR (CDCl3, 297 K): d¼6.05 (s, 8H, Ar), 4.31 (d, 4H,
J¼13.2 Hz, ArCH2Ar), 3.99 (t, 8H, J¼5.8 Hz, ArOCH2), 3.82 (t, 8H,
J¼5.8Hz,ArOCH2CH2O), 3.60e3.66 (m, 24H,OCH2CH2OCH2CH2OCH3),
3.55e3.50 (m, 8H, CH2OCH3), 3.38 (s, 12H, OCH3), 2.90 (d, 4H,
J¼13.2Hz,ArCH2Ar),2.81(s,8H,NH2).13CNMR(CDCl3,297K):d¼149.6
(C5, C11, C17, C23),140.6 (C25, C26, C27, C28),135.5 (C1, C3, C7, C9, C13,
C15, C19, C21), 115.7 (C4, C6, C10, C12, C16, C18, C22, C24), 72.8
(ArOCH2), 71.9 (CH2OCH3), 70.6, 70.5, 70.3, 70.2 (CH2OCH2CH2OCH2-
CH2OCH3), 58.9 (OCH3), 30.9 (C2,C8, C14, C20). ESI-MS:MþNaþ, found
1091.7. C56H84N4O16Na requires 1091.58.

4.1.4. 5,11,17,23-Tetrakis-(6-azidohexanamido)-25,26,27,28-tetrakis-
[2-(2-(2-methoxyethoxy)ethoxy)ethoxy]-calix[4]arene (7). A mix-
ture of tetra-amine 5 (300 mg, 0.28 mmol) and activated ester 618

(535 mg, 2.10 mmol) in dry CH2Cl2 (5 mL) was stirred for 17 h at
20 �C. Themixturewaspoured into 1NHCl (150mL) and theproduct
was extracted with CH2Cl2 and the solution was dried and concen-
trated. Purification by column chromatography (EtOAceMeOH
90:10) gave compound 7 as a colourless syrup (387 mg, 85%). 1H
NMR (CDCl3, 297 K): d¼6.91 (s, 8H, Ar), 4.54 (d, J¼13.2 Hz, 4H,
ArCH2Ar), 4.11 (t, J¼5.2 Hz, 8H, ArOCH2), 3.91 (t, J¼5.1 Hz, 8H,
ArOCH2CH2), 3.57e3.65 (m, 24H, OCH2CH2OCH2CH2OCH3),
3.53e3.42 (m, 8H, CH2OCH3), 3.33 (s, 12H, OCH3), 3.25e3.31 (m, 8H,
CH2N3), 3.09 (d, J¼13.2 Hz, 4H, ArCH2Ar), 2.24 (t, J¼7.5 Hz, 8H,
NHCOCH2), 1.61 (m, 16H, CH2CH2CH2CH2N3), 1.46e1.39 (m, 8H,
CH2CH2CH2N3).13CNMR (CDCl3, 297K): d¼173.6 (CO),154.1 (C5, C11,
C17, C23), 136.1 (C25, C26, C27, C28), 133.7 (C1, C3, C7, C9, C13, C15,
C19, C21),121.6 (C4, C6, C10, C12, C16, C18, C22, C24), 74.6 (ArOCH2),
72.7 (CH2OCH3), 71.4, 71.2, 71.1 (CH2OCH2CH2OCH2CH2OCH3), 58.8
(OCH3), 52.0 (CH2N3), 37.3 (NHCOCH2), 31.9 (C2, C8, C14, C20), 29.3
(CH2CH2N3), 27.1 (NHCOCH2CH2), 26.0 (CH2CH2CH2N3). ESI-MS:
MþNaþ, found 1648.0. C80H120N16O20Na requires 1647.88.

4.1.5. 2-(Prop-2-ynylcarbamoyl)ethyl 2,3,6-tri-O-acetyl-4-O-(2,3,4,6-
tetra-O-acetyl-b-D-galactopyranosyl)-1-thio-b-D-glucopyranoside
(9). Compound 819 (200 mg, 0.24 mmol) was treated with prop-
argylamine (17 ml, 0.24 mmol) in dry CH2Cl2 (4.0 mL), the mixture
was stirred for 17 h at 20 �C, diluted with CH2Cl2 (20 mL), filtered
and the filtrate was concentrated under vacuum. The resulting
residue was purified by column chromatography (hexaneeEtOAc
1:1) to afford amide 9 as a colourless amorphous solid (115 mg,
62%), ½a�20D �2.0 (c 1.0, CHCl3). 1H NMR (CDCl3, 330 K): d 6.40 (s, 1H,
NH), 5.36 (d, J¼3.3 Hz, 1H, H-4 Gal), 5.21 (t, J¼9.7 Hz, 1H, H-3 Glc),
5.12 (dd, J¼7.9, 10.4 Hz, 1H, H-2 Gal), 4.98 (dd, J¼3.3, 10.4 Hz, 1H, H-
3 Gal), 4.93 (t, J¼9.7 Hz, 1H, H-2 Glc), 4.70 (br d, J¼11.1 Hz, 1H, H-6a
Glc), 4.54 (br d, Jw9 Hz, 2H, H-1 Gal, H-1 Glc), 4.19e4.01 (m, 5H, H-
6b Glc, H-6a and H-6b Gal, NHCH2), 3.89 (t, J¼6.7 Hz, 1H, H-5 Gal),
3.79 (t, J¼9.7 Hz, 1H, H-4 Glc), 3.65e3.59 (m, 1H, H-5 Glc),
3.08e3.00 (m, 1H, CH2S), 2.89e2.77 (m, 1H, CH2S), 2.54 (t, J¼7.2 Hz,
2H, CH2CONH), 2.24 (t, J¼2.6 Hz, 1H, C^CH), 2.11 (s, 6H, 2� Ac),
2.02 (s, 3H, Ac), 2.01 (s, 12H, 4� Ac),1.97 (s, 3H, Ac). 13C NMR (CDCl3,
330 K): d¼171.2 (NHCO), 170.7, 170.3, 170.1, 170.0, 169.7, 169.6, 168.9
(CH3CO),100.1 (C-1 Gal), 84.5 (C-1 Glc), 79.5 (C^CH), 76.7 (C-5 Glc),
75.8 (C-4 Gal), 73.6 (C-3 Glc), 71.5 (C^CH), 70.9 (C-3 Gal), 70.7 (C-5
Gal), 69.9 (C-2 Glc), 69.1 (C-2 Gal), 66.6 (C-3 Glc), 61.5 (C-6 Glc), 60.7
(C-6 Gal), 37.2 (CH2CONH), 29.1 (NHCH2), 27.0 (SCH2) 20.9, 20.8,
20.7, 20.5, 20.4 (CH3CO). ESI-MS: MþNaþ, found 784.3.
C32H43NO18SNa requires 784.21.

4.1.6. 2-(2-(2-(Prop-2-ynyloxy)ethoxy)ethoxy)ethyl 2,3,6-tri-O-ace-
tyl-4-O-(2,3,4,6-tetra-O-acetyl-b-D-galactopyranosyl)-b-D-glucopyr-
anoside (12). To a mixture of trichloroacetimidate 1020 (500 mg,
0.64 mmol), 2-(2-(2(prop-2-inyloxy)ethoxy)ethoxy)ethanol (11)21

(165 mg, 0.77 mmol) and 4 �A molecular sieves (100 mg) in dry
CH2Cl2 (3.0 mL) was added TMSOTf (36 ml, 0.13 mmol). The mixture
was stirred for 1 h at �30 �C and then for 17 h at 20 �C, when it was
neutralized with Et3N (100 ml) and filtered. The filtrate was diluted
with CH2Cl2 (20mL) and extractedwith H2O (3�10mL). The organic
layer was dried, the solvent was removed under vacuum and the
residue was purified by column chromatography (hexaneeEtOAc
75:25) to afford compound 12 as a colourless amorphous solid
(242mg, 50%), ½a�20D þ22 (c 1.0, CHCl3). 1H NMR (CDCl3, 330 K) d 5.24
(d, J¼2.6 Hz, 1H, H-4 Gal), 5.09 (t, J¼9.3 Hz, 1H, H-3 Glc), 5.00 (dd,
J¼7.910.4Hz,1H, H-2Gal), 4.86 (dd, J¼3.4,10.4Hz,1H, H-3Gal), 4.79
(dd, J¼7.9, 9.3 Hz, 1H, H-2 Glc), 4.48 (d, J¼7.9 Hz, 1H, H-1 Glc),
4.43e4.36 (m, 2H, H-6a Glc, H-1 Gal), 4.11 (d, J¼2.4 Hz, 2H, NHCH2),
4.05e3.95 (m, 3H, H-6bGlc, H-6a and 6-b Gal), 3.85e3.75 (m, 2H, H-
5 Gal, GlcOCHaHb), 3.70 (t, J¼9.3 Hz,1H, H-4 Glc) 3.66e3.48 (m,12H,
H-5 Glc, OCH2), 2.34 (t, J¼2.4 Hz,1H, C^CH), 2.06 (s, 3H, Ac), 2.03 (s,
3H, Ac),1.96 (s, 3H, Ac),1.95 (s, 3H, Ac),1.94 (s, 6H, 2�Ac),1.87 (s, 3H,
Ac). 13CNMR (CDCl3, 330K): d¼170.6,170.5,170.3,170.2,169.9,169.8,
169.2 (CO), 101.2 (C-1 Gal), 100.7 (C-1 Glc), 79.8 (CH2CCH), 76.4 (C-4
Glc, C-5 Glc), 74.8 (CCH), 72.9 (C-3 Glc), 72.7 (OCH2), 71.7(C-2 Glc),
71.1 (C-3 Gal), 70.73, 70.7, 70.5, 70.4 (OCH2), 69.2 (C-5 Gal), 69.1 (C-2
Gal), 66.7 (C-4 Gal), 62.2 (C-6 Glc), 60.9 (C-6 Gal), 58.1 (OCH2CCH),
20.8, 20.5, 20.3, 20.2 (CH3CO). ESI-MS: MþNaþ, found 829.5.
C35H50O21Na requires 829.27.
4.2. General procedure for the Cu(I) catalysed 1,3-dipolar
cycloaddition

A solution of the calix[4]arene-azide or tetra-O-propargyl-calix
[4]arene (1 equiv), a lactose derivative (alkyne or azide, respectively
(5 equiv)), 1 M aq CuSO4$5H2O (0.2 equiv) and 1 M aq sodium
ascorbate (0.4 equiv) in DMF (1 mL per 20 mg of the calix[4]arene
derivative) was heated at 70 �C in a microwave reactor for 20 min.
The solvent was evaporated, the residue was taken up in CH2Cl2
(1 mL) and purified by filtration through a pad of silica gel
(CH2Cl2eMeOH 95:5).
4.3. General deacetylation procedure

A solution of an acetylated compound in methanolic 0.1 M
NaOCH3 was stirred at room temperature for 2 h. The mixture was
neutralized with Amberlite IR-120H (Hþ) resin, the resin was fil-
tered off and the solvent was removed under reduced pressure to
give unprotected calixsugar, which was characterised without fur-
ther purification.
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4.3.1. 5,11,17,23-Tetrakis(5-(4-(2-[O-(2,3,4,6-tetra-O-acetyl-b-D-gal-
atopyranosyl)-(1/4)-(2,3,6-tri-O-acetyl-1-thio-b-D-glucopyranosyl)
thio]ethylcarbamoyl)-1H-1,2,3-triazol-1-yl)pentylcarbamoyl)-
25,26,27,28-tetrakis(2-(2-(2-methoxyethoxy)ethoxy)ethoxy)-calix[4]
arene (13). Compounds 7 (20 mg, 0.012 mmol) and 9 (47 mg,
0.062 mmol) were reacted following the general cycloaddition
procedure to give conjugate 13 as a white amorphous solid (46 mg,
80%). 1H NMR (CD3ODeCDCl3 4:1, 330 K): d 7.69 (s, 4H, triazole),
6.94 (s, 8H, Ar), 5.38 (d, J¼2.6 Hz, 4H, H-4 Gal), 5.21 (t, J¼9.1 Hz, 4H,
H-3 Glc), 5.08 (dd, J¼9.1, 9.6 Hz, 4H, H-2 Gal), 5.01 (dd, J¼2.6,
10.4 Hz, 4H, H-3 Gal), 4.90 (t, J¼9.1 Hz, 4H, H-2 Glc), 4.65e4.50 (m,
12H, H-1 Glc, H-1 Gal, H-6a Glc), 4.45 (d, J¼13.1 Hz, 4H, ArCH2Ar),
4.35 (t, J¼7.1 Hz, 8H, CH2CH2etriazole), 4.15e4.00 (m, 20H, H-6b
Glc, H-6a and 6b Gal, ArOCH2), 3.99e3.95 (m, 4H, H-5 Gal),
3.92e3.86 (m, 16H, ArOCH2CH2, NHCH2etriazole), 3.82 (t, J¼9.1 Hz,
4H, H-4 Glc), 3.73e3.58 (m, 28H, H-5 Glc, CH2CH2OCH2CH2OCH3)
3.54 (t, J¼5.2 Hz, 8H, CH2OCH3), 3.38 (s, 12H, OCH3), 3.12 (d,
J¼13.1 Hz, 4H, ArCH2Ar), 3.06e2.83 (m, 8H, CH2S), 2.56 (t, J¼7.2 Hz,
8H, SCH2CH2), 2.26 (br t, 8H, NHCOCH2CH2CH2), 2.17 (s, 12H, Ac),
2.11 (s, 12H, Ac), 2.08 (s, 12H, Ac), 2.07 (s, 12H, Ac), 2.06 (s, 12H, Ac),
2.03 (s, 12H, Ac), 1.98 (s, 12H, Ac), 1.94 (br t, 8H, CH2CH2etriazole),
1.70 (br t, 8H, NHCOCH2CH2CH2), 1.40 (br t, 8H, NHCOCH2CH2CH2).
13C NMR (CD3ODeCDCl3 4:1, 297 K): d 171.3 (CONH), 170.6, 170.4,
170.2,170.1,169.7,169.1(CH3CO),152.7 (C5, C11, C17, C23),144.8 (C-4
triazole), 135.1 (C25, C26, C27, C28), 132.6 (C1, C3, C7, C9, C13, C15,
C19, C21), 122.8 (C-5 triazole), 120.9 (C4, C6, C10, C12, C16, C18, C22,
C24), 100.9 (C-1 Gal), 84.1 (C-1 Glc), 76.9 (C-5 Glc), 75.9 (C-4 Glc),
73.7 (C-3 Glc), 73.2 (ArOCH2), 71.9 (CH2OCH3), 71.0 (C-3 Gal), 70.7,
70.6, 70.5, 70.4, 70.3, 70.2 (C-2 Glc, C-5 Gal, ArOCH2CH2OCH2-
CH2OCH2CH2OCH3, NHCH2etriazole), 70.3 (ArOCH2CH2), 70.1 (C-2
Glc), 69.1 (C-2 Gal), 66.6 (C-4 Gal), 61.8 (C-6 Glc), 60.7 (C-6 Gal), 58.9
(OCH3), 50.7 (CH2CH2etriazole), 36.6 (SCH2), 36.3 (NHCOCH2), 31.1
(C2, C8, C14, C20), 29.5 (CH2CH2etriazole), 26.8 (SCH2CH2), 25.3
(NHCOCH2CH2CH2), 24.4 (NHCOCH2CH2CH2), 20.9, 20.8, 20.7,
20.6, 20.5 (CH3CO). MALDI-TOF MS: MþNaþ, found 4695.60.
C208H292N20O92S4Na requires 4694.76.

4.3.2. 5,11,17,23-Tetrakis(5-(4-(2-[O-(b-D-galatopyranosyl)-(1/4)-
(b-D-glucopyranosyl)thio]ethylcarbamoyl)-1H-1,2,3-triazol-1-yl)pen-
tylcarbamoyl)-25,26,27,28-tetrakis(2-(2-(2-methoxyethoxy)ethoxy)
ethoxy)-calix[4]arene (14). Compound 13 (44 mg, 0.094 mmol) was
deacetylated following the general procedure to give calixsugar 14
as a white amorphous solid (27 mg, 81%). 1H NMR (CD3ODeCDCl3
4:1, 330 K): d 7.87 (s, 4H, triazole), 6.85 (s, 8H, Ar), 4.50e4.30 (m,
28H, ArCH2Ar, CH2CH2etriazole, NHCH2etriazole, H-1 Gal, H-1 Glc),
4.12e4.04 (m, 8H, ArOCH2), 3.90e3.38 (m, 84H, ArOCH2CH2,
OCH2CH2OCH2CH2OCH3, H-2, H-3, H-4, H-5 and H-6 Glc, H-3, H-4,
H-5 and H-6 Gal), 3.28e3.33 (m, 16H, H-2 Gal, OCH3), 3.11 (d,
J¼13.3 Hz, 4H, ArCH2Ar), 3.08e2.88 (m, 8H, CH2S), 2.61 (s, 8H,
CH2CH2S), 2.26 (s, 8H, NHCOCH2), 1.94 (s, 8H, CH2CH2etriazole),
1.68 (s, 8H, NHCOCH2CH2), 1.38 (s, 8H, NHCOCH2CH2CH2). 13C NMR
(CD3ODeCDCl3 4:1, 297 K): d 172.8, 172.2 (CO), 152.7 (C5, C11, C17,
C23), 144.6 (C-4 triazole), 134.9 (C25, C26, C27, C28), 132.4 (C1, C3,
C7, C9, C13, C15, C19, C21), 123.6 (C-5 triazole), 120.7 (C4, C6, C10,
C12, C16, C18, C22, C24), 103.7 (C-1 Gal), 85.8 (C-1 Glc), 79.6, 79.0,
76.3, 75.6, 73.4, 73.2, 72.4, 72.4, 71.8, 71.7, 70.5, 70.3, 70.2, 68,6
(C2eC5 Glc, C2eC5 Gal, OCH2CH2O), 61.3, 61.0 (C-6 Glc, C-6 Gal),
58.5 (OCH3), 50.4 (CH2CH2etriazole), 36.9 (SCH2CH2), 36.5
(NHCOCH2CH2CH2), 34.5 (NHCH2etriazole), 30.9 (C2, C8, C14, C20),
29.5 (CH2CH2etriazole), 26.9 (SCH2), 25.4, 24.6 (NHCOCH2CH2CH2).
MALDI-TOF MS: MþNaþ, found 3518.2. C152H236N20O64S4Na re-
quires 3517.46.

4.3.3. 5,11,17,23-Tetrakis[5-(4-(2-(2-(2-[(2,3,4,6-tetra-O-acetyl-b-D-
galatopyranosyl)-(1/4)-(2,3,6-tri-O-acetyl-b-D-glucopyranosyloxy)]
e t h o x y ) e t h o x y ) e t h o x yme t h y l ) 1H - 1, 2 , 3 - t r i a z o l - 1 - y l )
pentylcarbamoyl]-25,26,27,28-tetrakis(2-(2-(2-methoxyethoxy)eth-
oxy)ethoxy)-calix[4]arene (15). Azide 7 (20 mg, 0.012 mmol) and
alkyne 12 (50 mg, 0.062 mmol) were reacted following the general
procedure to give title compound 15 as a white amorphous solid
(47 mg, 80%). 1H NMR (CDCl3eCD3OD 4:1, 330 K) d 7.82 (s, 4H, H-
triazole), 6.90 (s, 8H, Ar), 5.35 (d, J¼2.6 Hz, 4H, H-4 Gal), 5.15 (t,
J¼9.4 Hz, 4H, H-3 Glc), 5.07e5.01 (m, 8H, H-2 Gal, H-3 Gal), 4.85 (dd
J¼9.4, 10.4 Hz, 4H, H-2 Glc), 4.64e4.60 (m, 12H, OCH2etriazole, H-1
Gal, H-1 Glc), 4.50 (m, 8H, ArCH2Ar, H-6a Glc), 4.38 (t, J¼7.1 Hz, 8H,
CH2CH2etriazole), 4.32 (s, 4H, NH), 4.15e4.10 (m, 20H, ArOCH2, H-
6b Glc, H-6a and H-6b Gal), 4.04e4.01 (m, 4H, H-5 Gal), 3.94e3.88
(m, 12H, GlcOCHa, ArOCH2CH2), 3.84 (t, J¼9.4 Hz, 4H, H-4 Glc),
3.81e3.61 (m, 72H, 8� OCH2, GlcOCHb, H-5 Glc), 3.55e3.52 (m, 8H,
CH2OCH3), 3.75 (s,12H, OCH3), 3.12 (d, J¼13.1 Hz, 4H, ArCH2Ar), 2.24
(t, J¼7.8 Hz, 8H, NHCOCH2), 2.14 (s,12H, Ac), 2.11 (s,12H, Ac), 2.06 (s,
12H, Ac), 2.05 (s, 12H, Ac), 2.04 (s, 12H, Ac), 2.02 (s, 12H, Ac), 1.96 (s,
12H, Ac), 1.95e1.90 (m, 8H, CH2CH2etriazole), 1.71e1.65 (m, 8H,
NHCOCH2CH2), 1.40e1.32 (m, 8H, NHCOCH2CH2CH2). 13C NMR
(CD3ODeCDCl3 4:1, 297 K): d 172.1 (CONH), 171.0,170.7, 170.6, 170.4,
170.3, 170.1, 169.7 (COCH3), 152.7 (C5, C11, C17, C23), 144.6 (C-4
triazole), 134.9 (C25, C26, C27, C28), 132.4 (C1, C3, C7, C9, C13, C15,
C19, C21), 123.5 (C-5 triazole), 120.7 (C4, C6, C10, C12, C16, C18, C22,
C24), 100.7 (C-1 Gal), 100.4 (C-1 Glc), 76.2 (C-4 Glc), 73.2 (ArOCH2),
73.1 (C-3 Glc), 72.5 (C-5 Glc), 71.7 (C-2 Glc, CH2OCH3), 71.1 (C-3 Gal),
70.5, 70.4, 70.36, 70.3, 70.1, 69.5, 69.3 (OCH2), 70.2 (C-5 Gal), 68.9
(C-2 Gal), 66.9 (C-4 Gal), 63.9 (OCH2etriazole), 62.2 (C-6 Glc), 60.9
(C-6 Gal), 58.4 (OCH3), 50.0 (CH2CH2etriazole), 36.3 (NHCOCH2),
30.9 (C2, C8, C14, C20), 29.8 (CH2CH2etriazole), 25.8
(NHCOCH2CH2CH2), 24.8 (NHCOCH2CH2), 20.4, 20.2, 20.1, 20.0, 19.9,
19.8 (CH3CO). MALDI-TOF MS: MþNaþ, found 4875.2.
C220H320N16O104Na requires 4875.02.

4.3.4. 5,11,17,23-Tetrakis(5-(4-(2-(2-(2-([O-b-D-galatopyranosyl-
(1/4)-b-D-glucopyranosyloxy)ethoxy)ethoxy)]ethoxymethyl)1H-
1,2,3-triazol-1-yl)pentylcarbamoyl)-25,26,27,28-tetrakis-(2-(2-(2-
methoxyethoxy)ethoxy)ethoxy)-calix[4]arene (16). Calixsugar 15
(45 mg, 0.0093 mmol) was deacetylated following the general
procedure to give title compound 16 as a white amorphous solid
(27 mg, 79%). 1H NMR (CDCl3eCD3OD 4:1, 297 K): d 8.10 (s, 4H, H-
triazole), 6.99 (s, 8H, Ar), 4.65 (s, 8H, OCH2etriazole), 4.55 (d,
J¼13.0 Hz, 4H, ArCH2Ar), 4.47 (t, J¼7.1 Hz, 8H, CH2CH2etriazole),
4.37 (d, J¼7.7 Hz, 4H, H-1 Gal), 4.35 (d, J¼7.9 Hz, 4H, H-1 Glc),
4.17e13 (m, 8H, ArOCH2), 4.02e3.97 (m, 4H, GlcOCHa), 3.94 (br t,
J¼4.9 Hz, 8H, ArOCH2CH2), 3.90 (dd, J¼2.1, 11.9 Hz, 4H, H-6a Gal),
3.86 (dd, J¼3.6, 11.9 Hz, 4H, H-6b Gal), 3.84 (d, J¼3.2 Hz, 4H, H-4
Gal), 3.78 (dd, J¼6.0, 11.4 Hz, 4H, H-6a Glc), 3.75e3.58 (m, 78H, 9�
OCH2, H-6b Glc), 3.58e3.48 (m, 20H, H-2 and H-5 Gal, H-3, H-4 and
H-5 Glc), 3.44e3.40 (m, 4H, H-3 Gal), 3.39 (s, 12H, OCH3), 3.28 (t,
J¼9.6 Hz, 4H, H-2 Gal), 3.15 (d, J¼13.0 Hz, 4H, ArCH2Ar), 2.26 (br t,
J¼7.1 Hz, 8H, NHCOCH2CH2CH2), 1.97e1.91 (m, 8H, CH2CH2etria-
zole), 1.70e1.65 (m, 8H, NHCOCH2CH2CH2), 1.39e1.32 (m, 8H,
NHCOCH2CH2CH2). 13C NMR (CD3ODeCDCl3 4:1, 297 K): d 172.2
(CONH), 152.8 (C5, C11, C17, C23), 144.0 (C-4 triazole), 134.9 (C25,
C26, C27, C28), 132.5 (C1, C3, C7, C9, C13, C15, C19, C21), 124.9 (C-5
triazole), 120.6 (C4, C6, C10, C12, C16, C18, C22, C24), 103.8 (C-1
Gal), 102.8 (C-1 Glc), 79.6 (C-4 Glc), 75.7 (C-5 Glc), 75.0 (C-3 Gal),
74.9, 71.2 (C-2 Gal, C-3 Glc), 73.4 (C-5 Gal), 73.3 (C-2 Glc), 73.2
(ArOCH2), 71.7 (CH2OCH3), 70.4, 70.3, 70.2, 70.15, 70.13, 70.1, 70.08,
69.5, 68.4 (OCH2), 68.8 (C-4 Gal), 63.4 (OCH2etriazole), 61.2 (C-6
Glc), 60.7 (C-6 Gal), 58.1 (OCH3), 50.4 (CH2etriazole), 36.2 (COCH2),
30.9 (C2, C8, C14, C20), 29.6 (CH2CH2etriazole), 25.7
(NHCOCH2CH2CH2), 24.7 (NHCOCH2CH2CH2). MALDI-TOF MS:
MþNaþ, found 3697.5. C164H264N16O76Na requires 3697.72.

4.3.5. 5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27,28-tetrakis-(2-
(2-(2-azidoethoxy)ethoxy)ethoxy)-calix[4]arene (18). To a stirred



E. Galante et al. / Tetrahedron 67 (2011) 5902e59125910
solution of p-tert-butylcalix[4]arene (100 mg, 0.15 mmol) in dry
DMF (2.5 mL) were added NaH (60% suspension, 185 mg, 4.6 mmol)
followed after 10 min by tosylate 1721 (355 mg, 1.08 mmol). The
mixture was heated at 75 �C for 17 h, cooled to room temperature
and then poured into 1 N HCl (150 mL). The crude product was
extracted with CH2Cl2, combined organic extracts were washed
with water, dried and solvents were removed under vacuum. The
residue was purified by column chromatography (EtOAceMeOH
95:5) to give compound 18 as a pale yellow oil (98 mg, 50%). 1H
NMR (CDCl3, 297 K) d 6.77 (s, 8H, Ar), 4.43 (d, J¼12.6 Hz, 4H,
ArCH2Ar), 4.12 (t, J¼5.9 Hz, 8H, ArOCH2), 3.96 (t, J¼5.9 Hz, 8H,
ArOCH2CH2), 3.77e3.58 (m, 24H, OCH2CH2OCH2CH2N3), 3.36 (d,
J¼9.3 Hz, 8H, CH2N3), 3.11 (d, J¼12.6 Hz, 4H, ArCH2Ar), 1.07 (s, 36H,
C(CH3)3). 13C NMR (CDCl3, 297 K): d 153.1 (C5, C11, C17, C23), 144.5
(C25, C26, C27, C28), 133.6 (C1, C3, C7, C9, C13, C15, C19, C21), 124.8
(C4, C6, C10, C12, C16, C18, C22, C24), 72.7 (ArOCH2), 71.8, 70.6, 70.3,
69.9 (ArOCH2CH2OCH2CH2OCH2CH2N3), 50.9 (CH2N3), 33.7
(C(CH3)3), 31.3 (C(CH3)3), 30.9 (C2, C8, C14, C20). ESI-MS: MþNaþ,
found 1299.70. C68H100N12O12Na requires 1299.75.

4.3.6. 5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27,28-tetrakis(2-
(2-(2-(4-(2-(2-(2-[O-(2,3,4,6-tetra-O-acetyl-b-D-galatopyranosyl)-
(1/4)-(2,3,6-tri-O-acetyl-b-D-glucopyranosyloxy)]ethoxy)ethoxy)
ethoxymethyl)-1H-1,2,3-triazol-1-yl)ethoxy)ethoxy)ethoxy)-calix[4]
arene (19). Reaction of tetra-azide 18 (15 mg, 0.012 mmol) with
alkyne 12 (45 mg, 0.060 mmol) according to general procedure for
cycloaddition gave title compound 19 as a white amorphous solid
(28 mg, 52%). 1H NMR (CDCl3eCD3OD 4:1, 330 K) d 8.22 (s, 4H, H-
triazole), 6.77 (s, 8H, Ar), 5.35 (d, J¼3.4 Hz, 4H, H-4 Gal), 5.20 (t, 4H,
J¼9.3 Hz, H-3 Glc), 5.08 (dd, J¼8.0, 10.4 Hz, 4H, H-2 Gal), 5.02 (dd,
J¼3.4, 10.4 Hz, 4H, H-3 Gal), 4.90 (dd, J¼9.3, 8.4 Hz, 4H, H-2 Glc),
4.61 (d, J¼8.4 Hz, 4H, H-1 Glc), 4.60 (d, J¼8.0 Hz, 4H, H-1 Gal,),
4.55e4.49 (m, 12H, H-6a Glc, OCH2etriazole), 4.46 (d, J¼12.6 Hz,
4H, ArCH2Ar), 4.16e4.10 (m, 20H, H-6a and H-6b Gal, H-6b Glc,
ArOCH2), 4.02e3.98 (m, 4H, H-5 Gal), 3.96e3.89 (m, 20H
ArOCH2CH2, OCH2, GlcOCHa), 3.85 (t, J¼9.3 Hz, 4H, H-4 Glc)
3.75e3.60 (m, 72H, H-5 Glc, 7� OCH2, OCH2CH2etriazole,
GlcOCHb), 3.18 (d, J¼12.6 Hz, 4H, ArCH2Ar), 2.13 (s, 12H, Ac), 2.11 (s,
12H, Ac), 2.04 (s, 12H, Ac), 2.03 (s, 12H, Ac), 2.02 (s, 12H, Ac), 2.01 (s,
12H, Ac), 1.94 (s, 12H, Ac), 1.04 (s, 36H, C(CH3)3). 13C NMR
(CD3ODeCDCl3 4:1, 297 K): d 170.9, 170.8, 170.6, 170.4, 170.3, 170.1,
169.6 (CO), 163.2 (C5, C11, C17, C23), 153.2 (C25, C26, C27, C28),
144.9 (C-4 triazole), 133.7 (C1, C3, C7, C9, C13, C15, C19, C21), 125.1
(C-5 triazole, C4, C6, C10, C12, C16, C18, C22, C24), 100.8 (C-1 Gal),
100.5 (C-1 Glc), 76.4 (C-4 Glc), 72.8 (C-3 Glc, ArOCH2), 72.6 (C-5
Glc), 71.7 (C-2 Glc), 71.1 (C-3 Gal), 70.3 (C-5 Gal), 70.5, 70.43, 70.4,
70.2, 69.2, 69.1 (OCH2), 69.0 (C-2 Gal), 66.9 (C-4 Gal), 64.2
(OCH2etriazole), 62.1 (C-6 Glc), 60.8 (C-6 Gal), 31.2 ((CH3)3C), 30.9
((CH3)3C), 29.3 (C2, C8, C14, C20), 20.5, 20.47, 20.4, 20.36, 20.3,
20.2, 20.1 (CH3CO). MALDI-TOF MS: MþNaþ, found 4525.6.
C208H300N12O96Na requires 4526.89.

4.3.7. 5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27,28-tetrakis(2-
(2-(2-(4-(2-(2-(2-[O-(b-D-galatopyranosyl)-(1/4)-(b-D-glucopyr-
anosyloxy)]ethoxy)ethoxy)ethoxymethyl)-1H-1,2,3-triazol-1-yl)eth-
oxy)ethoxy)ethoxy)-calix[4]arene (20). Compound 19 (28 mg,
0.062 mmol) was deacetylated following the general procedure to
give the title compound 20 as a white amorphous solid (19 mg,
92%). 1H NMR (CD3ODeCDCl3 4:1, 297 K): 7.73 (s, 8H, Ar), 4.67e4.58
(m, 16H, OCH2etriazole, OCH2CH2etriazole), 4.49 (d, J¼13.0 Hz, 4H,
ArCH2Ar), 4.33 (d, J¼9.7 Hz, 4H, H-1 Gal), 4.32 (d, J¼9.7 Hz, 4H, H-1
Glc), 4.09 (t, J¼5.4 Hz, 8H, ArOCH2), 4.03 (m, 4H, GlcOCHa),
3.97e3.93 (m, 8H, ArOCH2CH2), 3.93e3.90 (m, 8H, OCH2CH2e-
triazole), 3.88 (br d, 4H, H-4 Gal) 3.87e3.75 (m 12H, H-6a Glc, H-6a
and H-6b Gal), 3.73e3.63 (m, 44H, 5� OCH2, H-6b Glc), 3.63e3.58
(m, 4H, H-5 Glc) 3.57e3.55 (m, 12H, H-3 and H-4 Glc, H-2 Gal), 3.50
(dd, 4H, J¼3.0, 10.2 Hz, H-5 Gal), 3.44e3.39 (m, 4H, H-3 Gal), 3.28 (t,
J¼9.7 Hz, 4H, H-2 Glc), 3.22 (d, J¼13.0 Hz, 4H, ArCH2Ar), 1.1 (s, 36H,
C(CH3)3). 13C NMR (CD3ODeCDCl3 4:1, 297 K): d 153.3 (C5, C11, C17,
C23), 144.7 (C-4 triazole), 137.5 (C25, C26, C27, C28), 133.7 (C1, C3,
C7, C9, C13, C15, C19, C21), 128.1 (C4, C6, C10, C12, C16, C18, C22,
C24), 124.9 (C-5 triazole), 103.8 (C-1 Gal), 102.8 (C-1 Glc), 79.6 (C-4
Glc), 75.7 (C-5 Glc), 75.0 (C-3 Gal), 74.8, 71.1 (C-2 Gal, C-3 Glc), 73.4
(C-5 Gal), 73.2 (C-2 Glc), 73.0 (ArOCH2), 70.4, 70.2, 70.17, 70.1, 70.0
(OCH2), 69.7 (ArOCH2CH2) 68.9 (C-4 Glc), 68.8 (OCH2CH2etriazole),
68.4 (OCH2), 61.2 (C-6 Glc), 60.7 (C-6 Gal), 30.9 ((CH3)3C, C2, C8, C14,
C20), 29.4 ((CH3)3C). MALDI-TOF MS: MþNaþ, found 3349.3.
C152H244N12O68Na requires 3349.59.

4.3.8. 5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27,28-tetrakis(1-
(2-(2-(2-[O-(2,3,4,6-tetra-O-acetyl-b-D-galatopyranosyl)-(1/4)-
(2,3,6-tri-O-acetyl-b-D-glucopyranosyloxy)]ethoxy)ethoxy)ethyl)-1H-
1,2,3-triazol-4-ylmethoxy)-calix[4]arene (24). Reaction of calixarene
derivative 2124,26 (20 mg, 0.025 mmol) and azide 2327 (99 mg,
0.012 mmol) was carried out following the general cycloaddition
procedure affording the title compound 24 as a white amorphous
solid (55 mg, 55%). 1H NMR (CD3ODeCDCl3 4:1, 330 K) d 7.80 (s, 4H,
H-triazole), 6.98 (s, 8H, Ar), 5.30 (d, J¼3.3 Hz, 4H, H-4 Gal), 5.15 (t,
J¼9.6 Hz, 4H, H-3 Glc), 5.11 (dd, J¼7.9, 10.3 Hz, 4H, H-2 Gal),
4.97e4.94 (m, 12H, H-3 Gal, ArOCH2), 4.85 (dd, J¼9.6, 7.8 Hz, 4H, H-
2 Glc), 4.58 (t, J¼7.5 Hz, 8H, CH2CH2etriazole), 4.52 (d, J¼7.8 Hz, 4H,
H-1 Glc) 4.51 (d, J¼7.9 Hz, 4H, H-1 Gal), 4.46 (dd, J¼12.0, 1.8 Hz, 4H,
H-6a Glc), 4.11e4.01 (m, 16H, ArCH2Ar, H-6b Glc, H-6a and H-6b
Gal), 3.95e3.85 (m, 16H, CH2CH2etriazole, GlcOCHa, H-5 Gal,), 3.76
(t, J¼9.6 Hz, 4H, H-4 Glc), 3.66e3.58 (m, 8H, GlcOCHb, H-5 Glc),
3.58e3.52 (m, 24H, 3� OCH2), 3.05 (d, J¼12.2 Hz, 4H, ArCH2Ar),
2.30 (s, 12H, Ac), 2.20 (s, 12H, Ac), 2.15 (s, 12H, Ac), 2.04 (s, 12H, Ac),
2.00 (s, 12H, Ac), 1.99 (s, 12H, Ac), 1.91 (s, 12H, Ac), 1.1 (s, 36H,
C(CH3)3). 13C NMR (CD3ODeCDCl3 4:1, 297 K): d 170.7, 170.6, 170.5,
170.3, 170.1, 169.9, 169.5 (CO), 149.6 (C5, C11, C17, C23), 147.9 (C25,
C26, C27, C28), 142.6 (C-4 triazole), 134.5 (C1, C3, C7, C9, C13, C15,
C19, C21), 125.7 (C-5 triazole), 124.9 (C4, C6, C10, C12, C16, C18, C22,
C24), 100.9 (C-1 Gal), 100.5 (C-1 Glc), 76.1 (C-4 Glc), 72.9 (C-3 Glc),
72.6 (C-5 Glc), 71.6 (C-2 Glc), 70.9 (C-3 Gal), 70.5 (C-5 Gal), 70.4,
70.3, 70.0, 69.3, 69.2, (OCH2), 69.0 (C-2 Gal), 68.5 (ArOCH2) 66.7 (C-
4 Gal), 61.9 (C-6 Glc), 60.7 (C-6 Gal), 50.2 (CH2CH2etriazole), 31.1
((CH3)3C), 30.6 ((CH3)3C), 29.6 (C2, C8, C14, C20), 20.7, 20.6, 20.55,
20.5, 20.45, 20.4, 20.3 (CH3CO). MALDI-TOF MS: MþNaþ, found
3996.9. C184H252N12O84Na requires 3998.58.

4.3.9. 5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27,28-tetrakis(1-
(2-(2-(2-[O-(b-D-galatopyranosyl)-(1/4)-(b-D-glucopyranosyloxy)]
ethoxy)ethoxy)ethyl)1H-1,2,3-triazol-4-ylmethoxy)-calix[4]arene
(25). Compound 24 (56 mg, 0.014 mmol) was deprotected fol-
lowing the general deacetylation procedure to give the title com-
pound 25 as a white amorphous solid (38 mg, 96%). 1H NMR
(CD3ODeCDCl3 4:1, 297 K): d 8.02 (br s, 4H, H-triazole), 6.99 (s, 8H,
Ar), 5.02 (s, 8H, OCH2etriazole), 4.66 (t, J¼4.8 Hz, 8H, OCH2CH2e-
triazole), 4.37 (d, J¼9.7 Hz, 4H, H-1 Gal), 4.33 (d, J¼9.7 Hz, 4H, H-1
Glc), 4.15 (d, J¼13.0 Hz, 4H, ArCH2Ar), 4.00e3.93 (m, 12H, GlcOCHa,
CH2CH2etriazole), 3.93e3.84 (br dd, 12H, H-4, H-6a and H-6b Gal),
3.80 (dd, J¼7.8, 12.0 Hz, 4H, H-6a Glc), 3.74 (dd, J¼4.2, 12.0 Hz, 4H,
H-6b Glc), 3.73e3.68 (m, 4H, GlcOCHb), 3.66e3.58 (m, 28H, H-5
Glc, 3� OCH2), 3.58e3.55 (m, 12H, H-3 and H-4 Glc, H-2 Gal), 3.52
(dd, J¼2.5, 9.7 Hz, H-5 Gal), 3.44e3.41 (m, 4H, H-3 Gal), 3.20 (d,
J¼13.0 Hz, 4H, ArCH2Ar), 1.12 (s, 36H, C(CH3)3). 13C NMR
(CD3ODeCDCl3 4:1, 297 K): d 150.7 (C5, C11, C17, C23), 146.7 (C25,
C26, C27, C28), 143.3 (C-4 triazole), 134.5 (C1, C3, C7, C9, C13, C15,
C19, C21), 125.3 (C4, C6, C10, C12, C16, C18, C22, C24), 124.9 (C-5
triazole), 103.8 (C-1 Gal), 102.7 (C-1 Glc), 79.6 (C-4 Glc), 75.7 (C-5
Glc), 75.0 (C-3 Gal), 74.8, 71.1 (C-3 Glc, C-2 Gal), 73.4 (C-5 Gal), 73.2
(C-2 Glc), 70.1, 70.0, 69.9, 69.2, 68.4 (OCH2), 68.9 (C-4 Gal), 67.6
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(OCH2etriazole), 61.2 (C-6 Glc), 60.6 (C-6 Gal), 50.1 (OCH2CH2e-
triazole), 30.8 ((CH3)3C, C2, C8, C14, C20), 29.4 ((CH3)3C). MALDI-
TOF MS: MþNaþ, found 2820.9. C128H196N12O56Na requires
2821.28.

4.3.10. 5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27,28-tetrakis(1-
(2-(2-(2-[O-(2,3,4,6-tetra-O-acetyl-b-D-galactoopyranosyl)-(1/4)-
(2,3,6-tri-O-acetyl-b-D-glucopyranosyloxy)]ethoxy)ethoxy)ethyl)1H-
1,2,3-triazol-4-ylmethoxy)-calix[4]arene, partial cone (26). Reaction
of calixarene derivative 2225,26 (10mg, 0.013mmol) with azide 2327

(50 mg, 63 mmol) was carried out following the general cycload-
dition procedure affording the title compound 26 as a white
amorphous solid (33 mg, 66%). 1H NMR (CD3ODeCDCl3 4:1, 330 K):
d 8.05 (s, 2H, H-triazole), 7.85 (s, 1H, H-triazole), 7.83 (s, 1H, H-tri-
azole), 7.05 (s, 2H, Ar), 6.85 (s, 2H, Ar), 6.81 (s, 2H, Ar), 6.36 (s, 2H,
Ar), 5.38 (d, J¼2.8 Hz, 4H, H-4 Gal), 5.22e5.17 (m, 4H, H-3 Glc),
5.10e5.07 (m, 4H, H-2 Gal), 5.00 (dd, J¼2.8, 10.4 Hz, 4H, H-3 Gal),
4.91e4.82 (m, 10H, ArOCH2, H-2 Glc), 4.70 (s, 4H, ArOCH2),
4.60e4.48 (m, 20H, H-1 Glc, H-1 Gal, H-6a Glc, CH2CH2etriazole),
4.18e4.08 (m, 12H, H-6b Glc, H-6a and H-6b Gal), 3.98e3.85 (m,
16H, H-5 Gal, ArCH2Ar, 1� OCH2), 3.83 (m, 4H,), 3.80e3.48 (m, 40H,
H-4 and H-5 Glc, 4� OCH2), 2.81 (d, J¼12.0 Hz, 4H, ArCH2Ar), 2.20
(s, 12H, Ac), 2.05 (s, 12H, Ac), 1.99 (s, 12H, Ac), 1.92 (s, 12H, Ac), 1.90
(s, 12H, Ac), 1.89 (s, 12H, Ac), 1.87 (s, 12H, Ac), 1.21 (s, 18H, C(CH3)3),
0.92 (s, 9H, C(CH3)3), 0.86 (s, 9H, C(CH3)3). 13C NMR (CD3ODeCDCl3
4:1, 297 K): d 170.8,170.7,170.5,170.4,170.2,169.9,169.5 (CO),154.4,
153.1, 150.6 (C5, C11, C17, C23), 144.3, 144.1, 143.9 (C-4 triazole),
136.1 (C25, C26, C27, C28), 132.7, 131.9, 131.8 (C1, C3, C7, C9, C13,
C15, C19, C21), 128.5, 125.9, 125.6, 125.1 (C4, C6, C10, C12, C16, C18,
C22, C24), 125.3, 125.2, 124.9 (C-5 triazole), 100.8 (C-1 Gal), 100.5
(C-1 Glc), 76.1 (C-4 Glc), 72.9 (C-3 Glc), 72.6 (C-5 Glc), 71.6 (C-2 Glc),
71.0 (C-3 Gal), 70.5 (C-5 Gal), 70.4, 70.3, 70.1, 70.0, 69.4, 69.3, 69.1,
69.08, 69.0 (OCH2), 69.2 (C-2 Gal), 66.8 (C-4 Gal), 66.5, 64.9, 61.7
(ArOCH2), 62.0 (C-6 Glc), 60.8 (C-6 Gal), 50.1, 50.0, 49.7
(CH2CH2etriazole), 33.8, 33.6, 33.5 ((CH3)3C), 31.9, 31.5 (C2, C8, C14,
C20), 31.1, 31.0 ((CH3)3C), 20.6, 20.5, 20.4, 20.35, 20.3, 20.2 (CH3CO).
MALDI-TOF MS: MþNaþ, found 3997.3. C184H252N12O84Na requires
3998.58.

4.3.11. 5,11,17,23-Tetrakis(1,1-dimethylethyl)-25,26,27,28-tetrakis(1-
(2-(2-(2-[O-(b-D-galatopyranosyl)-(1/4)-(b-D-glucopyranosyloxy)]
ethoxy)ethoxy)ethyl)1H-1,2,3-triazol-4-ylmethoxy)-calix[4]arene,
partial cone (27). Compound 26 (31 mg, 0.008 mmol) was depro-
tected following the general deacetylation procedure to give the
title compound 27 as a white amorphous solid (20 mg, 92%). 1H
NMR (CD3ODeCDCl3 4:1, 297 K): d 8.15 (s, 1H, H-triazole), 8.14 (s,
1H, H-triazole), 7.99 (s, 2H, H-triazole), 7.13 (s, 2H, Ar), 6.89 (s, 2H,
Ar), 6.86 (s, 2H, Ar), 6.39 (s, 2H, Ar), 4.89 (s, 4H, OCH2etriazole),
4.88 (s, 2H, OCH2etriazole), 4.83 (s, 2H, OCH2etriazole), 4.58e4.55
(m, 8H, OCH2CH2etriazole), 4.36 (d, J¼9.7 Hz, 4H, H-1 Gal), 4.32 (d,
J¼9.7 Hz, 4H, H-1 Glc), 3.98e3.96 (m, 6H, ArCH2Ar, GlcOCHa),
3.94e3.89 (m, 8H, OCH2CH2etriazole), 3.87e3.82 (m, 12H, H-6a
and H-6b Gal, H-4 Gal), 3.82e3.79 (m, 4H, H-6a Glc), 3.75e3.69 (m,
4H, H-6b Glc), 3.69e3.60 (m, 8H, ArCH2Ar, GlcOCHb), 3.60e3.55 (m,
40H, 3�OCH2, H-2 Gal, H-3, H-4 and H-5 Glc), 3.53e3.48 (m, 4H, H-
5 Gal), 3.43e3.38 (m, 4H, H-3 Gal), 3.30e3.33 (m, 4H, H-2 Glc), 2.95
(d, J¼13.2 Hz, 2H, ArCH2Ar) 1.25 (s, 18H, C(CH3)3), 0.97 (s, 9H,
C(CH3)3), 0.92 (s, 9H, C(CH3)3). 13C NMR (CD3ODeCDCl3 4:1, 297 K):
d 154.3, 153.6, 153.2 (C5, C11, C17, C23), 144.3, 144.1, 144.0 (C-4
triazole), 136.2 (C25, C26, C27, C28), 132.7, 131.9, 131.8 (C1, C3, C7,
C9, C13, C15, C19, C21), 128.5, 126.0, 125.4, 125.1 (C4, C6, C10, C12,
C16, C18, C22, C24),125.8,125.5,125.1 (C-5 triazole),103.7 (C-1 Gal),
102.87, 102.8, 102.78 (C-1 Glc), 79.7 (C-4 Glc), 75.5 (C-5 Glc), 74.9,
71.1 (C-2 Gal and C-3 Glc), 74.7 (C-3 Gal), 73.4 (C-5 Gal), 73.1 (C-2
Glc), 70.2, 70.1, 69.4, 69.1, 68.4 (OCH2), 68.9 (C-4 Gal), 66.4, 64.7
(OCH2etriazole), 61.2 (C-6 Glc), 60.8 (C-6 Gal), 50.1, 49.8
(OCH2CH2etriazole), 33.7, 33.5, 33.4 ((CH3)3C) 31.9 (C2, C8, C14,
C20), 31.2, 30.9 ((CH3)3C). MALDI-TOF MS: MþNaþ, found 2821.0.
C128H196N12O56Na requires 2821.28.

4.4. Trypanocidal activity

Biological activities of the synthesised calixsugar compounds
were evaluated against trypomastigote forms of T. cruzi Y strain
obtained from culture with a fibroblast cell line (LLC-MK2). Try-
pomastigote cultures were resuspended to 6.5�106 parasites/mL in
RPMI (Roswell Park Memorial Institute), containing 10% foetal bo-
vine serum and three parallel experiments were performed for
each compound at six different concentrations (1000 mM, 750 mM,
500 mM, 250 mM, 100 mM and 50 mM) at 37 �C under 5% CO2.
Benznidazole 28 (N-benzyl-2-nitro-1-imidazolacetamide, Roche)
was used as a reference trypanocidal drug (positive control). Re-
sults of parasite viability were determined by counting the number
of motile forms according to Brener.28 The activities of the com-
pounds tested are represented as IC50try, corresponding to con-
centrations that kill 50% of the parasites.29 The IC50try was
determined with PRISM 5.0 software using Nonlinear Regression in
based on a Sigmoidal dose-response.
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