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Two novel tripodal receptors (1 and 2) based on a triethylbenzene 

scaffold substituted with trihydroxybenzoyl groups have been 

synthesized. The conformational preferences and carbohydrate-

binding ability of 1 and 2 have been examined by NMR 

spectroscopy and modeling procedures. The results reveal that the 

particular structural pre-organization of 2 facilitates the 

recognition, in highly competitive media (DMSO), of  a mannose-

based 

polysaccharide showing a linear saccharide chain continuously 

decorated by α(1→2) mannose branched moieties. By contrast, 

other α(1→2) substituted polysaccharides or different 

monosaccharides are not bound, revealing the selectivity of the 

interaction. Due to the importance of α(1→2) mannosides, 

which are abundantly present on the glycan shield of several 

pathogens, the results here reported open attractive perspectives 

for the potential application of 2 or compounds derived thereof 

in future anti-infective strategies.  
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Introduction 

Molecular recognition of carbohydrates is crucial in many 20 
relevant physiological processes, starting from fertilization, 

embryogenesis, tissue maturation and immune response and 

extending to different pathologies such as microbial infections 

and tumor metastasis.[1] Different synthetic carbohydrate 

receptors as model systems have been developed over the past 25 
years to investigate the basic molecular features that govern 

carbohydrate recognition in natural systems. These synthetic 

receptors present interesting opportunities for different practical 

applications, including biomedicine and analytical chemistry.[2] 

With respect to the biomedical applications, the synthetic 30 
receptors could be potentially used in diagnostic methods to 

detect carbohydrate biomarkers of disease[3] and to develop future 

anti-infective therapies aimed to avoid infection by pathogens 

(viruses, bacteria, parasites and fungi).[4] 

 Two main classes of artificial carbohydrate receptors have 35 
been developed to date. The first one involves the exploitation of 

non-natural bonding interactions and relies on boron-based 

systems that operate through covalent bond formation. These 

systems have been relatively succesful in recognizing 

carbohydrates even in aqueous solution.[5] The second class of 40 
carbohydrate receptors include compounds that act through 

noncovalent interactions.[6] Such systems are of special interest 

because they better reproduce the non-covalent carbohydrate-

receptor interactions observed in nature. Whereas several 

carbohydrate receptors among this second group showed good 45 
degrees of affinity and selectivity in organic solvents, only a few 

tolerate significant quantities of protic cosolvents. One exception 

is a particular powerful family of receptors developed by Davis et 

al. that exhibits outstanding recognition properties for 

carbohydrates with all-equatorial stereochemistry (β-glucose, β-50 
glucosides, cellobiose, etc..) even in water.[2,7]  

  Among the numerous artificial receptors designed to interact 

with carbohydrates through noncovalent interactions, tripodal 

receptors based on the 2,4,6-triethylbenzene scaffold occupy a 

prominent position. It has been demonstrated that this scaffold is 55 
able to preorganize the binding elements improving the binding 

affinity of supramolecular hosts.[8]  In this context, the research 

groups of Roelens,[9] Mazik,[6e,f,10] Abe,[11] and Schmuck,[12] 

demonstrated that compounds with a tripodal 1,3,5-substituted 

2,4,6-triethylbenzene scaffold, bearing on the side arms three 60 

carbohydrate recognition units, are able to bind different 

monosaccharides and even short oligosaccharides in organic 

media with substantial affinities and selectivities.   

 The design of this second group of artificial receptors has been 

at least partially inspired by lectins, carbohydrate-binding 65 
proteins that are the most common class of natural carbohydrate 

receptors. The X-ray crystallography structure of lectin-

carbohydrate complexes has revealed that carbohydrate 

recognition is generally established through multiple non-

covalent forces, mainly hydrogen bonding through the sugar 70 
hydroxy groups and polar residues of the protein but also 

hydrophobic interactions between sugar CHs and non-polar 

residues of the protein.[13] Interestingly, these non-polar residues 

are frequently aromatic, suggesting the presence of CH-π 

interactions between sugar CHs and aromatic amino acids.[14-17] In 75 
particular, the importance of the aromatic amino acids has been 

confirmed using a variety of experimental techniques, including 

site-directed mutagenesis.[14b,15] Depending on the particular 

system, either hydrogen bonds or CH-π interactions may drive the 

molecular recognition process, although typically both are 80 
simultaneously operative.  

 It should be said that although some noncovalent receptors 

showing di- vs monosaccharide preferences[18]  or even capacity 

to discriminate tetrasaccharides from their lower (mono-, di- and 

trisaccharides) homologues have been described,[19] reports on the 85 
selective recognition of oligosaccharides by this type of receptors 

are still scarce. 

 On the other hand, it is known that natural polyphenols are 

amphipathic molecules having both hydrophobic aromatic rings 

and hydrophilic hydroxyl groups, allowing them to bind 90 
simultaneously at several sites on the surface of different types of 

macromolecules, including polysaccharides.[20,21] Their 

complexation with these macromolecules involves both 

hydrophobic effects, considered as the main driving force in the 

association, and hydrogen-bonding.[22] Factors such as molecular 95 
size, conformation, number and position of free phenolic 

hydroxyl groups affect the binding capacity and selectivity of 

polyphenols.[20] 

 Based on all these precedents, two  novel tripodal receptors 1 

and 2 (Figure 1) based on a triethylbenzene scaffold substituted 100 
with trihydroxybenzoyl groups have been synthesized. We 

hypothesized that the central and phenolic aromatic rings of these 

compounds might establish stabilizing CH-π interactions with the 

sugar CHs of polysaccharides, while the acidic phenolic OHs 

might give additional hydrogen-bonding interactions with the 105 
polar groups (OHs and oxygen of the glycosidic linkage) of 

carbohydrates. Phenolic entities have been connected to the 

central scaffold by amide bonds. The choice of amido groups as 

spacers was made in account of the double H-bonding donor-

acceptor nature of this functionality. Consequently, these groups 110 
could provide “extra” H-bonding interactions with the polar 

groups of carbohydrates. 

 In addition to the synthesis, the carbohydrate binding ability of 

1 and 2 has been examined by UV-vis and NMR spectroscopy. 

As a non-demanding technique (regarding sample concentration), 115 
UV-vis spectroscopy appeared as an appropriate methodology to 

screen a set of carbohydrates in aqueous media. Such pre-

evaluation of the interaction of 1 and 2 indicated that both 
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compounds showed a preference for a certain mannose-based 

polysaccharide. Further analysis by NMR in a highly competitive 

media (DMSO) revealed that the tripodal receptor 2 showed a 

unique selectivity for a certain type of (1→2) mannose 

polysaccharide that resembles those abundantly present on the 5 
glycan shield of several pathogens.[4a,23] The interaction with this 

type of polysaccharide has been recently envisaged as an original 

therapeutic concept for the treatment of various pathogen  

infections.[4]    

 The selectivity found for 2, with three 2,3,4-trihydroxybenzoyl 10 
moieties on a triethylbenzene scaffold, contrasts with 1, with 

three gallic acid (3,4,5-trihydroxybenzoyl) moieties as 

substituents (Figure 1). To explore the origin of this selectivity, 

additional 1H NMR and molecular modeling studies have been 

performed. 15 
 

Results and Discussion 

Synthesis 

The target compounds 1 and 2 were prepared following the 

synthetic pathway shown in Scheme 1.  20 
 The central scaffold, 1,3,5-trisamine-2,4,6-triethylbenzene (3), 

was prepared in three steps from the commercially available 

1,3,5-triethylbenzene following previously reported 

procedures.[24] Subsequently, 3 was reacted with the respective 

benzyl-protected trihydroxybenzoic acids (4)[25] and (6)[26] in the 25 
presence of BOP and triethylamine to afford 5 and 7 in 70% and 

63% yields, respectively. Attempts to conduct the reaction with 

the unprotected trihydroxybenzoic acids failed under several 

conditions, giving untractable mixtures. On the other hand, the 

alternative protection of the phenolic hydroxyl groups as methyl 30 
ethers proved not to be suitable, as subsequent deprotection 

required harsh conditions. 

 Deprotection of the benzyl groups of 5 and 7 by catalytic 

hydrogenation in the presence of 10% Pd/C afforded the 

corresponding phenol deprotected derivatives 1 (99%) and 2 35 
(76%) in excellent yields (Scheme 1). 

 

UV spectroscopy evaluation of the carbohydrate binding 

ability of 1 and 2   

 40 
The carbohydrate binding ability of the synthesised compounds 

was initially evaluated by scrutinising possible changes in their 

UV spectra in the absence and presence of different mono- and 

polysaccharides in aqueous media. As expected, 1 and 2 

exhibited similar spectra characterized by a band centered at 265 45 
nm and a trough at 243/247 nm (for 1/2, respectively). No 

changes in the spectra were visible in the presence of mannose, 

galactose or glucose at 12 mg.mL-1, or even at a higher 18 

mg.mL-1 (0.1 M) monosaccharide concentration. However, 

isosbestic points were observed in the presence of 12 mg.mL-1 of 50 
mannan (Figure 2), a mannose-based polysaccharide, together 

with some significant changes. In particular, the absorbance 

intensity of the band at 265 nm decreased noticeably while the 

trough minimum was slightly red-shifted. There were no 

perceptible changes in the presence of 12 mg.mL-1 dextran (a 55 

glucose-based polysaccharide). Altogether, the results were taken 

as a hint of the existence of a selective interaction of 1 and 2 with 

mannan in aqueous solvent. Taking into account that mannan 

from Saccharomyces cerevisae is composed of a linear (1→6) 

mannose chain with (1→3) mannose branching and variable 60 
concentrations of  (1→2) mannose linked to the (1→3) units, 

three different DMSO-soluble mannose-based polysaccharides 

with similar connectivities were selected for NMR analysis.  

 

1H NMR analysis of the carbohydrate binding ability of 1 and 65 
2   

The interaction of different monosaccharides with simple 

aromatic moieties has been previously investigated by NMR 

spectroscopy.[27] Changes in the relaxation properties or in 

chemical shifts of the different protons of the interacting partners 70 
were monitored to provide non-ambiguous evidence of the 

existence of interaction. Similar methodologies have been 

employed to study the interaction of simple glycosides with 

synthetic receptors.[9,10] With this precedent, and prompted by the 

UV spectroscopy indications of selective compound-sugar 75 
interactions, we also used NMR experiments to evaluate the 

binding of the novel tripodal receptors, 1 and 2, to different 

mannose-containing polysaccharides of different chemical 

architecture. In addition, the interaction with different 

monosaccharides was scrutinized in polar solvents. 80 
 Most studies to determine the carbohydrate binding properties 

of synthetic receptors have employed NMR spectroscopy 

measurements using non-competitive organic solvents such as 

CDCl3 where H-bonding interactions are enhanced, often 

dramatically, compared to water and other competitive polar 85 
media.[10d,e] In our case, 1H NMR titrations were performed in 

DMSO-d6, a competitive solvent.  

 First, polysaccharides of general structures A and C (Figure 3) 

consisting of a main linear (1→6) mannose chain continuously 

decorated by (1→2) glucose (polysaccharide A) or (1→2) 90 
mannose (polysaccharide C) units were used. In addition, 

polysaccharide B, in which (1→2) mannose is attached every 

three residues of the main chain, was also investigated. The 

addition of polysaccharide C (23 mg/mL) to a DMSO-d6 solution 

(0.7 mM) of 2 caused significant broadening of its aromatic H-5 95 
and H-6 signals, thus indicating the participation of these groups 

in interaction with the sugar (see Figures 4 and 5a). Broadening 

of the signals of NH and OH groups of 2 was also observed. 

When the reverse titration was performed,[28] i.e., polysaccharide 

C was titrated with 2, no unambiguous confirmation of the 100 
interaction could be obtained. This can be explained by the 

heterogeneity of the polysaccharide, whose molecular weight 

range encompasses several dozens of units following a Gaussian 

distribution. Thus, upon titration of C with the "small" receptor 2, 

the effects are diluted among the different units of the 105 
polysaccharide with very tiny chemical shift variations, below the 

experimental error. This also accounts for the success of the 

direct experiment: a single polysaccharide molecule can 

accommodate several receptor molecules, thereby allowing the 

detection of the effect. In contrast, in the presence of 110 
polysaccharides A and B, broadening of the proton signals of 2 

was not observed in analogous 1H NMR experiments, 

underscoring the selectivitiy of the interaction between 
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polysaccharide C and receptor 2. 

  A rough estimation of the binding affinity between 2 and 

polysaccharide C was made by measuring the variations in 

intensity and linewidth (which is related to the transverse 

relaxation rate, 1/T2*) of protons H-5 and H-6 of 2 upon stepwise 5 
additions (5 µL) of polysaccharide C (Figure 4). As described by 

Shortridge et al,[29] an estimated Kd was calculated from these 

values, using Equation 1  

 

(1) 10 
where [P]T is the total polysaccharide concentration, Iobs and I0 

are the intensities of 2 in the presence and absence of 

polysaccharide C, and the non-dimensional parameter c is 

defined as c = (υB / υF -1), where υF and υB are the linewidhts of 

free and bound 2, respectively. An estimated Kd (averaged 15 
between the values for H-5 and H-6) of 6 ± 4 mM was obtained.  

 On the other hand, in the case of 1, no changes were observed 

in the aromatic region of the 1H NMR spectrum upon addition of 

any of the three polysaccharides A, B and C. Furthermore, the 

NMR spectrum of N-benzyl-2,3,4-trihydroxybenzamide, used as 20 
model compound,[26] did not show significant changes either in 

chemical shifts or in line broadening in the presence of 

polysaccharide C (20-25 mg/mL) suggesting the absence of 

interaction under these experimental conditions (Figure 5b). 

Therefore, NMR experimental evidence of the interaction in 25 
solution was selectively achieved for a unique receptor-ligand 

pair. Only receptor 2 was able to recognize polysaccharide C, 

which shows a linear saccharide chain continuously decorated by 

(1→2) mannose branched moieties. A smaller degree of 

branching or the substitution of mannose by glucose did not 30 
provide interaction. 

  In parallel, the binding abilities of 1 and 2 toward a set of 

monosaccharides were also investigated in DMSO-d6 at T = 298 

K. As glycosides, methyl α-D glucopyranoside, methyl β-D 

glucopyranoside, methyl α-D galactopyranoside, methyl β-D 35 
galactopyranoside, methyl α-D mannopyranoside, N-

acetylglucosamine, and disaccharides as α,α-trehalose were used 

at 20-25 mg/mL. The NMR spectra of 1 and 2 did not show 

significant changes either in chemical shifts or in line broadening 

in the presence of these sugars, suggesting the absence of 40 
interaction in DMSO solution under these experimental 

conditions, as similarly inferred from the UV spectroscopy 

analysis in aqueous conditions. 

Overall, NMR data indicate that the interaction in DMSO-d6 

of the polyphenolic compounds with the mannose-containing 45 
polysaccharides here studied is fairly selective and depends on 

the chemical nature of the substitution of the central benzene unit 

(only 2, and not 1, provides interaction) and, additionally, on the 

presentation of the mannose units of the polysaccharide. The 

differential recognition by compounds 1 and 2 of mannose-based 50 
polysaccharides justified the analysis of the conformational 

preferences of the two compounds.  

 

 

Conformational studies of 1 and 2 using NMR and Molecular 55 
Modeling 

The conformational preferences of compounds 1 and 2 were 

studied by NMR and molecular modeling procedures. Previous 

work has shown that preorganization of ortho-hydroxyl (o-OH) 

substituted benzamides on triethyl benzene scaffolds exists in the 60 
solid state and is maintained in polar solutions, through the 

establishment of intramolecular hydrogen bonding between the o-

OH proton of the benzamide group and the CO moiety.[30] 

 The 1H NMR spectra of compounds 1 and 2 in DMSO-d6 

allowed to detect all the exchangeable OH and NH as sharp 65 
singlet peaks. A first hint of the possible participation of the o-

OH proton of 2 in intra-molecular hydrogen bonding was its 

remarkable downfield shift (δ = 12.5 ppm at 294 K) with respect 

to the meta- and para-hydroxyl protons (Figure S9, Supporting 

Information). In contrast, for 1, such a large difference between 70 
the chemical shifts of the different OH protons was not observed. 

The temperature coefficients[31] (∆δ/∆T) of each exchangeable 

OH and NH protons for both 1 and 2 were calculated by 

acquiring 1H NMR spectra at different temperatures (T = 294 to 

328 K) (Table 1). The lower temperature coefficient observed for 75 
the o-OH proton in 2, in comparison with those for the other 

hydroxyl protons, supports its participation in hydrogen bonding. 

 In addition, 2D NOE (NOESY) studies were performed in 

DMSO-d6 at 294 K. For 2, strong NOE cross-peaks between the 

amide NH/aromatic H-6 and aromatic H-6/H-5 protons were 80 
observed (Figure 6 and Figure S9 Supporting Information). In 

addition weak, but noticeable, NOEs between the amide NH and 

the aromatic H-5 proton, amide NH/ethyl CH3 and H-6/ethyl CH3 

were observed. It should be mentioned that the observed NOE 

between the amide NH and the aromatic H-6 proton is even 85 
stronger than those observed between the two adjacent H-6 and 

H-5 aromatic protons. This indicates that the distance between the 

amide NH and the aromatic H-6 is very short and, therefore, that 

the H-6 proton should be oriented towards the amide NH. 

Consequently, the o-OH proton faces the amide CO moiety. In 90 
conclusion, the obtained 1H NMR data for compound 2 support 

that the phenol ring and the amide bond are in the same plane, 

and at the adequate distance for the formation of an 

intramolecular hydrogen bond between the o-OH proton and the 

amide carbonyl oxygen. 95 
 Molecular Modeling calculations were performed through 

Monte Carlo conformational search using the MMFFs force field 

to provide three-dimensional structures of these molecules in 

solution. The applied protocol (see experimental section) for 2 

yielded a structure adopting a so-called ababab disposition as the 100 
lowest energy conformation (Figure 7I). In this geometry, the 

three polyphenolic rings (arms) and the three ethyl groups (legs) 

alternately orient above (a) and below (b) the benzene ring. This 

alternating geometrical pattern agrees with that reported for other 

tripodal receptors[8-10] and orients all the polyphenolic rings to the 105 
same upper side of the central benzene core. 

 Another key feature of this geometry was the formation of an 

intramolecular hydrogen bond between the o-OH proton and the 

amide carbonyl oxygen, thus resulting in a nearly planar 

disposition of the phenolic ring. In this structure, the distance 110 
between the amide NH and H-6 proton is 2.23 Å, while the H-

5/H-6 distance is 2.45 Å, in agreement with the corresponding 
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observed relative NOE intensities. It should be noticed that, in 

this conformation, the polyphenolic rings are oriented displaying 

the three phenolic OH groups out of the molecule, while the two 

aromatic protons (H-5 and H-6) point inwards. 

 However, some observed weak NOEs (amide NH/ethyl CH3 5 
and H-6/ethyl CH3) can not be satisfactorily explained by 

considering this unique structure. Thus, it was necessary to 

consider the participation of a second conformational family 

(Figure 7II). In this second family, one of the polyphenolic arms 

is oriented with respect to the central benzene ring in an 10 
alternative manner to the other two arms. Then, distance values of 

2.71 and 2.51 Å were measured between the corresponding 

NH/ethyl CH3 and H-6/ethyl CH3 proton pairs, explaining the 

observed NOEs. Thus, the existence of a minor population of 

conformers of this type must be assumed. 15 
 With respect to compound 1, the NMR data suggested that no 

phenolic OHs were involved in hydrogen bonds. The observed 

NOEs are consistent with the minimum energy structure obtained 

from the conformational search using the MMFFs force field 

shown in Figure 8I. For this structure, the alternating ababab 20 
pattern is observed. The distances between NH/ethyl CH3 (4.62 

Å), NH/(CH2)NH (2.77Ǻ) and NH/CHaromatic (2.16 Å) protons 

agree with the observed NOEs. 

 Nevertheless, the molecular modeling protocol suggested that 

different torsion angle values may exist between the phenolic 25 
moieties and the carbonyl oxygen (Figure 8II). These results are 

in contrast with those mentioned above for 2. In this molecule, 

the presence of the intramolecular hydrogen bond already 

described significantly restricts the motion around this linkage. 

The corresponding hydrogen bond does not exist in 1 and, 30 
therefore, more conformations are possible. 

 Compound 1 also showed a set of weak NOEs between the 

aromatic CHs protons of the phenolic moieties and the ethyl 

groups attached to the central benzene unit that can not take place 

in the ababab conformation (these protons are at a distance of 35 
6.50 Å). However, they can be explained by considering 

additional flexibility around the C(benzene)-CH2CH3 and 

C(benzene)-CH2NHCO bonds, giving rise to conformations 

different from the ababab arrangement. This is the case of the 

local minimum (destabilized in 1.5 kcal/mol) shown in figure 9, 40 
where the distance between the aromatic CHs and the ethyl CH3 

is 2.69 Ǻ. 

 Therefore, from the conformation search protocol, it can be 

concluded that compound 2 has a clear preference to adopt a 

global conformation in which a control of the orientation of the 45 
substituents (polyphenol rings) attached to the central skeleton 

(triethylbenzene) does exist. Therefore, in compound 2, a well-

defined structure is energetically favored. In contrast, for 1, a 

much larger degree of conformational mobility takes place. 

 With the aim to explain the interaction observed by 1H NMR 50 
between 2 and polysaccharide C, additional molecular modeling 

studies were performed. A Man(1→2)Man disaccharide was 

taken as a model of the branch of polysaccharide C. The obtained 

global minimum (Figure 10) revealed that the cavity provided by 

2 offers the correct shape and size for the encapsulation of the 55 
side mannose chain of polysaccharide C. In the obtained 

structure, the branching (1→2) linked mannose is located within 

the cleft formed by the three phenolic arms of the receptor, 

whereas the backbone mannose residue is oriented in such a way 

that the O1 anomeric and O6 atoms point outside the cleft. Thus, 60 
the linear Man(1→6)Man polysaccharide backbone should not 

interfere with the interaction, although it provides the proper 

orientation of the branching residue to interact with the receptor. 

Also, the two aromatic protons H-5/H-6 of the trihydroxybenzoyl 

moieties are oriented inwards this cavity, allowing the interaction 65 
with the bound carbohydrate.  

 In any case, the monovalent interaction is expected to be very 

weak, as commonly observed for protein-carbohydrate 

interactions in nature.[32] Indeed, no interaction could be detected 

for the single Man monosaccharide, either as - or -methyl 70 
glycoside. Only the presence of many branched Man units in the 

polysaccharide generated detectable interaction signals.
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Figure 1. Structures of 1 and 2 

 

 

Scheme 1. Synthesis of 1 and 2 
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Figure 2. Mannan-induced changes in the UV spectra of compounds 1 and 2. The spectra of 2.42·10-4 M solutions of 1 (upper panel) and 2.46·10-4 M of 2 

(lower panel) in water containing 30% acetonitrile and 10 mM DTT, were registered in the absence (solid lines) and presence (dotted lines) of 12 mg.mL-1 

mannan 

 

 

 

 

 

 

 

Figure 3. Structure of polysaccharides A, B and C
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Figure  4.  From bottom to top: 1H NMR spectra of 2 in DMSO-d6 alone and after stepwise additions (5µL) of polysaccharide C solution (23 mg/mL). The 

lower panel shows an enlargement of the aromatic region, highlighting the broadening of the signals corresponding to H-5 and H-6 protons 

 

 

(a)             (b) 

 
 

 
Figure 5. (a) Aromatic region of 2 in DMSO-d6 after stepwise additions (5µL) of polysaccharide C solution (23 mg/mL), showing the broadening of the 

signals corresponding to H-5 and H-6 protons (•); (b) broadening of the signals corresponding to H-5 and H-6 protons (•) was not observed in an analogous 
1H NMR experiment using N-benzyl-2,3,4-trihydroxybenzamide 



 

Figure 6. Observed NOEs for compound 2. NOEs between H-6/H-5, NH/H-6 and NH/H-5 define the preferred conformation in which the distance NH/H-
5 is shorter than the distance H-5/H-6 
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Figure 7. Compound 2: I) Structure of the global minimum geometry and II) local minimum conformation as deduced by the MMFFs force field. The 

dotted lines represent the intramolecular hydrogen bond between the o-OH proton and the amide carbonyl oxygen 20 
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I)                                                                                                                         II) 
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Figure 8. Compound 1: I) Structure of the global minimum geometry. II) Superimposition of different energy minima structures as obtained from the 

molecular modeling protocol. The polyphenolic benzene rings may adopt different orientations 
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Figure  9. Structure of 1 adopting an alternative conformation to the ababab arrangement  
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Figure  10.  Minimum energy conformer for the complex of 2 with Man(1→2)Manfrom the conformational search with MMFFs force field. In the 20 
obtained structure, the branching (1→2) linked mannose is located within the cleft formed by the receptor, whereas the backbone mannose residue is 

oriented in such a way that the O1 anomeric and O6 atoms point outside the cleft  
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Table 1. Chemical shifts and temperature coefficients [∆δ/∆T] of the 
exchangeable OH and NH protons of 1 and 2  

 

T [K] 

δ [ppm] 

Compound 2 Compound 1 

o-OH 
m-
OH 

p-
OH 

NH 
p-

OH 
2 m-
OH 

NH 

294 12.541 8.442 9.523 8.422 8.648 8.999 7.715 

298 12.521 8.414 9.497 8.403 8.619 8.973 7.691 

303 12.496 8.379 9.465 8.397 8.583 8.943 7.662 

308 12.471 8.344 9.432 8.355 8.547 8.911 7.632 

313 12.447 8.309 9.400 8.331 8.511 8.879 7.602 

318 12.421 8.273 9.368 8.306 8.476 8.848 7.572 

323 12.395 8.238 9.335 8.282 8.440 8.816 7.541 

328 12.368 8.202 9.302 8.256 8.405 8.785 7.511 

[∆δ/∆T] 

[ppb/º] 
5.100 6.500 7.100 5.000 7.200 6.300 6.000 

Conclusions 

In the present work two novel tripodal receptors (1 and 2) based on 

a triethylbenzene scaffold substituted with trihydroxybenzoyl 

groups have been prepared. 

 Compound 2 mainly adopts a well-defined conformation in 

polar (DMSO-d6) solution, in which the phenol rings and the amide 

bonds are in the same plane, thus allowing the adequate distance 

for the formation of an intramolecular hydrogen bond between the 

ortho-hydroxyl proton and the amide carbonyl oxygen. This is not 

the case in compound 1, which is much more flexible and does not 

show the corresponding intramolecular hydrogen bonds. On this 

basis, molecular modeling studies showed, for compound 2, a well 

defined major structure in which the ortho-hydroxyl protons are 

strongly hydrogen-bonded to the amide carbonyl oxygen, resulting 

in the outward projection of the phenolic OH groups and the 

inward presentation of the aromatic protons. In contrast, 1 may 

adopt a large variety of conformations, thus resulting in the lack of 

a well-defined geometry.  

 UV spectroscopic indications pointed out a selective recognition 

of mannan by 1 and 2 in water containing 30% acetonitrile, over 

dextran (a glucose-based polysaccharide) and different 

monosaccharides. Mannan from Saccharomyces cerevisae consists 

of a linear mannose chain with variable concentrations of  (1→2) 

mannose linked to  (1→3) units. Furthermore, NMR evidence 

revealed that 2 discriminated between different mannose-based 

polysaccharides and recognized polysaccharide C, a polymannan 

which shows a linear saccharide chain continuously decorated by 

(1→2) mannose branched moieties. Significant selectivity for the 

presence of branched mannose residues was deduced from these 

studies. From the receptor’s perspective, pre-organization seems to 

be required for the existence of the recognition process with 

polysaccharide C, since there are no major changes in the 

orientation of the phenolic aromatic rings between the free and 

bound states of 2. 

 Thus, 2 displays the basic features in terms of chemical groups 

and structural pre-organization requirements to be able to 

recognize, in highly competitive media (DMSO), a certain (1→2) 

mannose polysaccharide that mimics the mannose composition of 

the high-mannose oligosaccharide chains found in several pathogen 

glycoproteins. This property could be of interest for the potential 

application of compound 2 in future anti-infective  strategies.  

 

Experimental Section 

Chemical Synthesis 

General 

Commercial reagents and solvents were used as received from the 

suppliers without further purification unless otherwise stated. 

Dichloromethane was dried prior to use by distillation from CaH2 

and stored over Linde type activated 4Å molecular sieves.

 Analytical thin-layer chromatography (TLC) was performed on 

aluminium plates pre-coated with silica gel 60 (F254, 0.25 mm). 

Products were visualised from the TLC by exposure to ultraviolet 

light (254 nm) or by heating on a hot plate (approx. 200 ºC), 

directly or after treatment with a 5% solution of phosphomolybdic 

acid or vanillin in ethanol. Separations were performed by 

preparative Centrifugal Circular Thin-Layer Chromatography 

(CCTLC) (Kieselgel 60 PF254 gipshaltig, layer thickness of 1 mm, 

flow rate 4 mL·min-1). For HPLC analysis was used an Alliance 

2695 (Waters) equipped with a PDA (Photo Diode Array) detector 

Waters 2996. Acetonitrile was used as mobile phase A with 0.08% 

of formic acid, and water was used as mobile phase B with 0.1% of 

formic acid at a flow rate of 1 mL·min-1. Two different methods 

were used, one on a XBridge C18 (2.1 x 100 mm, 3.5 m) column 

with 5-80% of A, that will be noted as tR(X), and the other on a 

SunFire C18 (4.6 x 50 mm, 3.5 m) column with 0-100% of A, that 

will be noted as tR(S). All retention times are quoted in minutes. 

Melting points were measured on a Reichert-Jung Kofler. Standard 

NMR (1H, 13C NMR) spectra were recorded on a 300 MHz (Inova 

300) and 400 MHz (Inova 400) spectrometers, using CDCl3 or 

CD3OD as solvents at room temperature. Chemical shift values are 

reported in parts per million (δ) relative to tetramethylsilane (TMS) 

in 1H and CDCl3 (δ =77.0) in 13C NMR. Coupling constant (J 

values) are reported in hertz (Hz), and spin multiplicities are 

indicated by the following symbol: s (singlet), d (doublet), t 

(triplet), q (quartet), m (multiplet). Mass spectra were registered in 

a quadrupole mass spectrometer 1100 equipped with an 

electrospray source. Microanalyses were obtained with a Heraeus 

CHN-O-RAPID instrument.  

 

General procedure for the reaction of trisamine 3 with benzoic 

acids. Benzotriazol-1-

yloxytris(dimethylamino)phosphoniumhexafluorophosphate (BOP) 

(3.3 eq) was added to a solution of the corresponding benzoic acid 

(3.3 eq) in dry dichloromethane (5 mL). After 5 min, trisamine 3[24] 

(0.05 g, 1 eq) and triethylamine (3.3 eq) were added. The mixture 

was stirred at room temperature overnight. The solvent was 

evaporated and the residue was treated with ethyl acetate (10 mL) 

and washed successively with saturated solutions of citric acid (3x 

30 mL), NaHCO3 (3 x 30 mL) and brine (1 x 30 mL). The organic 

phase was dried (Na2SO4), filtered and evaporated to dryness. The 

residue was purified by CCTLC using dichlorometane/methanol, 

(9:1) as eluent. 

 

1,3,5-Tris(3,4,5-tribenzyloxybenzamidomethyl)-2,4,6-

triethylbenzene (5): Trisamine derivative 3[24] (0.05 g, 0.20 mmol) 

and 4[25] (0.32 g, 0.72 mmol) were reacted according to the general 

procedure to give 0.21 g (70%) of 5, as a white solid: mp 178-180 

ºC. HPLC: tR(X) = 20.44. 1H NMR (CDCl3, 300 MHz): δ [ppm] = 

1.18 (t, J = 6.9 Hz, 9H, CH3-CH2), 2.73 (q, J = 6.7 Hz, 6H, CH3-

CH2), 4.61 (s, 6H, CH2-NH), 4.99 (s, 18H, CH2-Ph), 5.66 (s, 3H, 

NH), 6.93 (s, 6H, H-Ar), 7.18-7.25 (m, 45H, H-Ar). 13C NMR 

(CDCl3, 75 MHz): δ [ppm] = 17.15 (CH3), 23.78 (CH2), 39.18 

(CH2), 72.09 (CH2), 75.63 (CH2), 107.76 (CH), 127.96-129.78 

(CH), 132.78 (C), 136.96 (C), 137.68 (C), 142.11 (C), 145.22 (C), 
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153.25 (C), 167.20 (CO). MS (ES+): m/z = 1517 (M+H)+, 1539 

(M+Na)+.  

 

1,3,5-Tris(2,3,4-tribenzyloxybenzamidomethyl)-2,4,6-

triethylbenzene (7): Trisamine derivative 3[24] (0.05 g, 0.20 mmol) 

and 6[26] (0.29 g, 0.66 mmol) were reacted according to the general 

procedure to give 0.19 g (63 %) of 7 as a yellow oil. HPLC: tR(S) = 

5.74. 1H NMR (CDCl3, 300 MHz): δ [ppm] = 1.03 (t, J = 7.3 Hz, 

9H, CH3-CH2), 2.47 (q, J = 7.3 Hz, 6H, CH3-CH2), 4.53 (s, 6H, 

CH2-NH), 4.83 (s, 6H, CH2-Ph), 4.84 (s, 6H, CH2-Ph), 5.12 (s, 6H, 

CH2-Ph), 6.8-7.4 (m, 48H, H-Ar), 7.73 (t, J = 4.4 Hz, 3H, NH), 

7.91 (d, J = 8.9 Hz, 3H, H-Ar). 13C NMR (CDCl3, 75 MHz): δ 

[ppm] = 16.27 (CH3), 22.84 (CH2), 37.88 (CH2), 70.88 (CH2), 

75.52 (CH2), 76.49 (CH2), 109.25 (C), 119.68 (C), 126.78 (CH), 

127.54-128.06 (CH), 132.34 (C), 135.73 (C), 136.14 (C), 136.88 

(C), 141.05 (C), 143.90 (C), 151.42 (C), 155.72 (C), 164.42 (C=O). 

MS (ES+): m/z = 1517 (M+H)+, 1539 (M+Na)+. 

 

General procedure for benzyl group deprotection. A solution of 

the corresponding benzyl-protected derivative (1 mmol) in 

THF/methanol (1:1) (100 mL) containing 30 wt-% of Pd/C (10%) 

was hydrogenated at 2.85 atm (42 psi) at 30 ºC overnight. The 

Pd/C was filtered through Whatman® filter paper 42 and the solvent 

was removed under reduced pressure to give the corresponding 

deprotected derivatives as unique products. 

 

1,3,5-Tris(3,4,5-trihydroxybenzamidomethyl)-2,4,6-

triethylbenzene (1): Following the deprotection procedure, benzyl 

derivative 5 (0.10 g, 0.07 mmol) gave 0.05 g (99 %) of 1 as a white 

solid: mp 178-180 ºC. HPLC: tR(X) = 3.04. 1H NMR (CD3OD, 300 

MHz): δ [ppm] = 1.21 (t, J = 7.3 Hz, 9H, CH3-CH2), 2.90 (q, J = 

7.1 Hz, 6H, CH3-CH2), 4.61 (s, 6H, CH2-NH), 6.80 (s, 6H, H-Ar), 

7.82 (wide s, 3H, NH). 13C NMR (CD3OD, 100 MHz): δ [ppm] = 

15.56 (CH3), 22.90 (CH2), 38.64 (CH2), 106.75 (CH), 124.83 (C), 

131.74 (C), 136.93 (C), 144.52 (C), 145.43 (C), 169.32 (C=O). MS 

(ES+): m/z =  706 (M+H)+, 728 (M+Na)+. Anal. Calcd. for 

C36H39N3O12: C, 61.27; H, 5.57; N, 5.95. Found: C, 61.00; H, 5.60; 

N, 5.98. 

 

 1,3,5-Tris(2,3,4-trihydroxybenzamidomethyl)-2,4,6-

triethylbenzene (2): Following the deprotection procedure, benzyl 

derivative 7 (0.19 g, 0.12 mmol) gave 0.07 g (76 %) of 2 as a white 

solid: mp 154-156 ºC. HPLC: tR(S) = 3.62. 1H NMR (CD3OD, 300 

MHz): δ [ppm] = 1.21 (t, J = 7.3 Hz, 9H, CH3-CH2), 2.88 (q, J = 

7.0 Hz, 6H, CH3-CH2), 4.66 (s, 6H, CH2-NH), 6.33 (d, J = 8.8 Hz, 

3H, H-Ar), 7.17 (d, J = 8.8 Hz, 3H, H-Ar). 13C NMR (CD3OD, 75 

MHz): δ [ppm] = 16.64 (CH3), 24.04 (CH2), 39.16 (CH2), 108.09 

(C), 109.47 (CH), 120.36 (CH), 132.87 (C), 133.75 (C), 145.83 

(C), 150.44 (C), 150.66 (C), 170.73 (C=O). MS (ES+): m/z = 706 

(M+H)+, 728 (M+Na)+. Anal. Calcd. for C36H39N3O12: C, 61.27; H, 

5.57; N, 5.95. Found: C, 60.98; H, 5.63; N, 6.12. 

 

UV-vis spectroscopy  

UV-vis spectra were measured in a CARY/1E/UV-Visible 

Spectrophotometer (Varian, Cary winUV software) at room 

temperature and 600 nm/min, with a 2 nm slit. 0.1 cm path-length 

quartz cells were used. Stock solutions of 1 and 2 were prepared in 

a concentration around 10-3 M in water containing 30% acetonitrile. 

DTT (10 mM) was used  in order to prevent a potential oxidation.  

Measured solutions had concentrations in the range of 10-4 M. To 

test the effect of the monosaccharides and polysaccharides, 

solutions of 1 and 2 in the appropriate concentration were added to 

the undissolved sugars and the spectrum of the resulting mixture 

compared to the one obtained for the pure tripodal receptor. 

 

NMR procedures     

NMR titrations of 1 and 2 with polysaccharides A, B and C were 

performed at 500 MHz in a Bruker AVANCE spectrometer, at 298 

K, unless otherwise stated. The experiments were performed in 

DMSO-d6. Experiments for the free species were recorded at 2.1 

mM for 1, and at 1.2 mM for 2. Besides regular 1D 1H NMR 

spectra, TOCSY (35 ms mixing time) and NOESY (500 ms mixing 

time) experiments, using standard BRUKER sequences, were also 

acquired.  

 For the tritrations, stepwise additions (5 L) of a concentrated 

polysaccharide solution (ca. 23 mg/mL) were added to solutions of 

1 or 2 (0.7 mM) and the corresponding NMR spectra were 

recorded and monitored, looking for chemical shift changes or line 

broadening on the signals of 1 or 2.  

 

Molecular Modeling procedures  

Compounds 1 and 2 were built using Maestro[33] and minimized 

using conjugate gradients with the AMBER* force field,[34] and a 

dielectric constant of 37.5 Debyes with extended cutoff to treat 

remote interactions. A maximum number of 5000 iterations were 

employed with the PRCG scheme, until the convergence energy 

threshold was 0.05. Once the optimum geometries had been 

achieved, a conformational search protocol was adopted for both 

compounds, using a Monte Carlo torsional sampling method 

(MCMM) with automatic setup during the calculation, energy 

window of 50 kJ/mol, 1000 maximum number of steps and 100 

steps per torsion to be rotated bond. The best structures obtained 

from this calculation in terms of energy were chosen and then, 

models for a mannose monosaccharide and  a 

Man1→2)ManOMe disaccharide were manually docked within 

the cavity and further minimized. Different complexes were found 

to be stable. From those which showed the sugar inside the 

receptor cavity, the most stable one was submitted to additional 

Conformational Search calculations. 

 

Polysaccharides  

Polysaccharides A, B and C were obtained as previously 

described.[35,36] Mannan from Saccharomyces cerevisiae (Sigma) 

and dextran T40 (Pharmacia) were used without further 

purification. 

Supporting Information (see footnote on the first page of this article): 

Copies of the 1H NMR and 13C NMR spectra for all key intermediates and 

final products are included, as well as NOESY spectrum of 2 and the 1H 

NMR control experiment with N-benzyl-2,3,4-trihydroxybenzamide.  
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Figure S1. Compound 5, 
1
H NMR, CDCl3, 300MHz 
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Figure S2. Compound 5, 
13

C NMR, CDCl3, 75 MHz 

 

 
 

 

 

 

Figure S3. Compound 7, 
1
H NMR, CDCl3, 300 MHz 
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Figure S4. Compound 7, 
13

C NMR, CDCl3, 75 MHz 

 

 
 

 

 

 

 

Figure S5. Compound 1, 
1
H NMR, CD3OD, 300 MHz 
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Figure S6. Compound 1, 
13

C NMR, CD3OD, 100 MHz 

 

 

 
 

 

 

 

 

 

Figure S7. Compound 2, 
1
H NMR, CD3OD, 300 MHz 
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Figure S8. Compound 2, 
13

C NMR, CD3OD, 75 MHz 

 

 
 
 

 

Figure S9. NOESY spectrum of  2 in DMSO-d6 at 294 K with 500 ms mixing time  
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Figure S10.

 1
H NMR spectra of 2 (left) and N-benzyl-2,3,4-trihydroxybenzamide (right) in DMSO-d6 after stepwise additions 

(5µL) of polysaccharide C solution (23 mg/mL). Only the signals between 1 and 8 ppm are shown 

 

 
 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

 


