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A NON-MACROCYCLIC HOST FOR BINDING ORGANIC PHOSPHATES IN PROTIC SOLVENTS 
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Abstract: The novel linear ditopic anion host compounds 8 and 2 bind dicarb- 
oxylic and organophosphate guest species in chloroform and in water, respecti- 
vely. NMR studies indicate the formation of a host-guest complex between 2 and 
thymidine-5 '-phosphatez- in water possessing a defined molecular structure. 

The complexation of apolar or polar charged substrates from aqueous solution 

has been studied by a variety of artificial host compounds which feature 

either hydrophobic or highly charged binding sites X > . In general the main 

objective of the host design was to maximize the binding constant. Application 

of host-guest binding in the selectivity enhancement of organic chemical reac- 

tions, however, requires instead the optimization of a well defined host-guest 

complex structure. Shining examples in this respect are the natural enzymes 

and receptors, which preferentially act on oxoanionic substrates like phos- 

phate esters. Though successful attempts 0 ) to bind organic phosphates to 

artificial macrocyclic host compounds have been reported, no structural 

characterization of the complexes had been possible. 

Since the guanidinium moiety appears to be well suited for binding oxoanions 

3) as evidenced by its abundant use for this purpose in proteins 4 ) we con- 

structed bicyclic guanidines and demonstrated their ability to bind and orient 

oxoanionic organic substrates in aprotic solution as well as in the solid 

state m ) . The chjral guanidinium salt & e > forms diastereomeric complexes 

with rat. a-substituted carboxylates in acetonitrile 7 ) , but fails to do SO 
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Fia.1: 

Low field region of the IH-NMR titra- 

tion (360 MHz) of 2 with thymidine-5'- 

phosphate in DzO; A: host 2*2F- at 

0.025M; B: host/guest = 0.37; 

C: host/guest = 0.16 
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Fia.2: 

Tentative host-guest complex struc- 

ture of thymidine-5'-phosphate 2 

with 2. 

Well defined host-guest complex structures apparently exist in the organic 

phase, srnce e.g. the succinate protons become diastereotopic in this system. 

ff the two guanidinium moieties converge for binding an anionic guest a per- 

pendicular arrangement of their main planes exists, due to the chirality and 

the planar layout of the phenylenebisurethane spacer unit. The guanidinium N-H 

bonds thereby point to the corners of a distorted tetrahedron and may favor 

the complexation of tetrahedral anions. Simple and biologically relevant phos- 

phates like p-nitrophenylphosphate or cytidin-5 '-phosphate were shown by NMR 

to form 1:l complexes with 3 even in methanol solution. The solubility of 

2*fluoride (prepared by anion exchange using Serdolit AS 6 F- in CH~OH/CHZCN) 

in water allowed to follow host-guest complexation with hydrophilic phosphates 

by NMR. Fig 1. shows the changes of chemical shift of the aromatic signals of 2 
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shifts but not quite as pronounced are seen for several other signals of host 

and guest and they all can easily be fitted to a 1:l binding model. The calcu- 

lated association constant 1 O ) of 10.6 M-1 in water may be interpreted in 

terms of simultaneous binding of both guanidinium units to the phosphate 

moiety of the guest enabled by the peculiar host design. Since simpler linear 

bisguanidinium compounds - even with narrower spacing of the positive charges 

and higher charge density - display no binding of IiP042- in water at all ah), 

the ditopic host 2 appears to be the first example of specific complexation of 

a mononucleotide to an artificial receptor in water, the precise interaction 

mode being under current investigation. 
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