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INTRODUCTION

Supramolecular receptors (SR)* are classes of supramolecular entity that can selectively recognize and bind various
chemical species namely anions,? cations® and even neutral molecules* by various non-covalent interactions (hydrogen
bond®, halogen bond,® van der Waals interactions,” metal co-ordination interaction® etc.). Designing of versatile SR
for anion is found to be a focus area of interest in modern synthetic supramolecular chemistry which is partly because
of varied size, shape, high charge density, large salvation enthalpy etc. of the anion.® A closer look into the biological
receptors discovered so far have boosted up scientific communities to design synthetic receptors containing amide,°
urea,'* pyrrole,"? imidazole,” indole,** guanium,”® ammonium®® etc. backbone to facilitate anion recognition and
binding. The SR containing various metal ions, also known as metallasupramolecular receptor'’ (MSR), are also
known in the literature.

Tripodal®® receptor consists of three binding sites and found widely used for anionic, cationic and neutral molecular
recognition. The efficiency and selectivity of a tripodal receptor depends upon rigidity of its arm and size of the cavity
it offers.’

Tripodal Receptor Derived from Tris(2aminoethyl)amine (Tren)

Reinhoudt et al. have first reported a class of amide base synthetic receptor derived from Tris-(2aminoethyl)-amine
(tren) backbone? and have demonstrated anion binding events in solution (Figure 1). Bowman-James et al. have also
synthesized a similar kind of sulphonamide based lipophilic receptor, single crystal structure of which revealed the
encapsulation of NO5 2" In some other work they have also showed binding of halide ions by manipulating the
chemical environment of the side chain of the receptors.?? Interestingly, crystal structure suggested that none of the
receptor reported by them have capsular assembly (Figure 1).
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Figure 1: Tren based synthetic receptor
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Binding of biologically important PO,* ions by tripodal receptor having tren scaffold have been demonstrated by
Moran et. al.? and their study indicated that dihydrogen phosphate bind with the Cs, symmetric receptors in non-
capsular manner. Wu et al.?* and Custelcean et al.® have studied the binding and separation of SO,* ion by pyridyl
appended urea based triodal receptor (Figure 2). It is important to note that the receptor designed by them have
resulted into a capsular network upon anion binding and single crystal structure of the receptor-anion complex
indicated that two molecule of the receptor encapsulate one SO,*. The composition of the supramolecular complex was
found to be MS0,.19,(H,0)s (Where M = various metal cation) and entrapped SO,* and was held together by six O—
Hee+Npy and O—He++O interactions with the six water molecules coordinated with the metal cation.

N

OYNH HN\’/O )
NH
- HN  NH_ CN
R
#0
NH
N

R

Figure 2: Tren based capsular receptor

Binding of SO,* by a similar kind of tren based receptor was showed by Prof. Amitava Das and his co-workers®. The
main advantage of their receptor is that it contained chromophoric Ph-NO, and the anion binding phenomena could be
monitored with UV-vis spectroscopic studies.

Tripodal Receptor Derived from Sterically Biased Phenyl Scaffold

The tren based receptors have suffered from lack of preorganisation and thus binding constant is generally seen to be
small with majority of the anions. Rigidity of receptors based on hexa-substituted benzene platform is understandably
found to be more preorganised which is presumably due to steric gearing of some of the substituent by other. Thus the
substituents which are positioned at 1,3,5 would occupy the same face while 2,4 and 6- substituent would be in the
opposite face of the benzene ring.?” There were many reports on designing and synthesis of receptors based on suitably
decorated hexa-substituted benzene moiety. It was experienced that installation of many substituents on a ph-ring was
very difficult and thus synthesis of these kinds of receptors were not easy to achieve. It was Walsdorf?® and van der
Made® who had devised an easy synthetic route for 1,3,5-tris(bromomethyl)-2,4,6-trialkylbenzene which could easily
be transformed to 1,3,5-tris(aminomethyl)-2,4,6-trialkylbenzene and 1,3,5-tris(carboxymethyl)-2,4,6-trialkylbenzene.

Receptor Derived from Tripodal Amines

Figure 3: Citrate binding receptor

Prof. Eric V Anslyn and his school have nicely demonstrated the synthesis of anion binding receptors based on
sterically geared benzene platform which had marked as one of the early reports on this idea (Figure 3).

They had demonstrated the synthesis of a good number of receptors derived from Cz; symmetric tripodal amine
variously substituted in 1,3 and 5-position. They had shown the binding of various biologically important poly-anions
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namely citrate,® tartrate, malate,*® phosphate,® glucose-6-phosphate,® inositol trisphosphate® etc. Schmuck and
Schwegmann® and Steed*® group had reported various other kind of synthetic variant of Anslyn’s receptor. One of the
interesting examples of receptor having hexa-substituted benzene scaffold was given by Anzenbacher’” who had
demonstrated sensing of PO, in blood serum. It is to be noted that anion binding did not confer any capsular network.
In another report Anslyn group had also synthesized cyclophane type bicyclic receptors containing pyridyl and amide
back bone (Figure 4) which selectively bind acetic acid over other linear mono carboxylic acids.*

Receptor nitrate complex

Figure 4: Bicyclic Cyclophane receptor

Designing of suitable receptor for halide was documented as very challenging task owing to its high charge density and
large hydration energy. Ghosh et al.*® had reported few elegant example of amide based halide binding tripodal
receptors derived from 1,3,5-tris(aminomethyl)-2,4,6-trimethylbenzene and nitro benzoyl chloride (Figure 5).
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Figure 5: Tripodal receptor for halide sensing

Encapsulation of hydrated F’, Fo(H,0)s]* and other anions namely CI, NO3, AcO™ etc. by such receptors had been
demonstrated by NMR titration. Single crystal structure of these supramolecular complexes revealed that the hydrated
fluoride anion entrapped within the exterior of the receptor formed bowl shaped architecture. Entrapment of halide ions
by supramolecular receptor from highly polar solvent like water is presumably very important for real life application
to get rid of halide pollutions. Thus Steed group® had synthesized water soluble zwitterionic receptor (Figure 6) and
demonstrated the binding of Br” in capsular micro-environment.

Yield for the synthesis of 1,3,5-tris(aminomethyl)-2,4,6 trimethylbenzene and 1,3,5-tris(aminomethyl)-2,4,6-
triethylbenzene are generally found to be low and the semi solid and highly polar nature of the products made it
difficult to purify them. Synthesis of 1,3,5-tris(carboxymethyl)-2,4,6-trimethylbenzene and 1,3,5-tris(carboxymethyl)-
2,4,6-triethylbenzene scaffold are relatively simpler with high yield from corresponding tribromide derivatives and
solid products could be purified by recrystallisation. Thus there was a parallel interest among various research groups
to design supramolecular receptor based on 1,3,5-tris(carboxymethyl)-2,4,6 trimethylbenzene and 1,3,5-
tris(carboxymethyl)-2,4,6-triethylbenzene.

Page | 33



International Journal of Enhanced Research in Science, Technology & Engineering
ISSN: 2319-7463, Vol. 10 Issue 5, May-2021, Impact Factor: 7.957

0.0
0]
o aaN/—
\ 7
N H,C ®\N /

'CH3

H,C

Figure 6: Zwitterionic receptor for halide sensing

CONCLUSION AND OUTLOOK

Supramolecular receptors reported herewith have found applications anion and other guest binding. All these potential
guest binding phenomena are important to address issues related to health and environment. Research works have been
underwent towards the construction of other tripodal molecular receptors for the recognition of other hazardous anions.
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