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Abstract:  Alkyl cholates 2 and 3 have been shown to bind tridentate oxoanions using 'H NMR and solubilisation
measurements in CeDs and benzene-hexane mixtures respectively. Recognition is presumed to occur through hydrogen
bonding to the three hydroxyl groups on the o face of the steroid nucleus. © 1998 Elsevier Science Ltd. All rights reserved.

The bile acids, such as cholic acid (1), might be said to play divergent réles in biology and in
supramolecular chemistry. While nature exploits the hydrophobic face of 1 to bind and solubilise non-polar
molecules in aqueous media,’ supramolecular chemists have often used its functionality to synthesize more or
less elaborate structures aimed at the recognition of polar species, usually in non-polar media.” As part of our
programme on the design and synthesis of neutral anionophores based on 1,>* we were curious to establish
whether even the native steroid unit might exhibit “inverse” recognition properties if removed from its
natural, aqueous environment. Specifically, it seemed possible that the three hydroxyl groups in cholate
esters, such as 2 or 3, might coaperate to bind an anionic substrate by H-bond donation as in 4 (shaded sphere

anionic substrate).

PN | .
Ml 7~ F°

= RO T © RO
X R F
1 Ren S
2 R=Me @
3 R=nCgHyy

The three preorganised H-bond donor groups in 1-3 suggested complementarity to tridentate anionic
substrates such as sulfonates. Indeed, modelling of the complex between 2 and methanesulfonate anion
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(MsO") vielded plausible structures with 3 nearly linear hydrogen bonds (e. g. Figure 1) Accordingly, we
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substantial changes to the "H NMR spectrum of the cholate, but on changing to C(,D(, as solvent clear signs

of complcx formation were observ
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Figure 1: Energy-minimised structure for the complex between methyl cholate (2) and MeSQ;~.°
The three intermolecular hydrogen bonds (1.60 - 1.65 A) are represented as broken lines.

exchangeability and was not attempted. However, we have previously shown that anion receptors derived
from 1 exhibit significant changes in CH chemical shifts (A3) on complex formation.” In this case the
simplicity and (commercial) availability of receptor 2 allowed a detailed analysis of the phenomenon. While
most of the signals in 2 moved downfield by between 0 and 0.1 p.p.m., a limited subset showed much larger

A8. As illustrated in Table 1, these protons were spread across the lower, functionalised face of the steroid

nucleus, suggesting that all three hydroxyl groups were involved in recognition. The signal due to the 4a
proton, which showed the greatest sensitivity to complex formation, was used in attempts to quantify the
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could not be fitted accurately to a 1:1 binding model. On the basis of a Job plot’ which peaked at {2}/
~ 55%, the data was reanalysed for simultaneous 1:1 and 2:1 binding, using the HOSTEST programme.
calculation yielded K, = 220 M for the 1:1 interaction and 50 M for the equilibrium between 1:1 and 2:1
stoichiometries.”

Other substrates investigated were TBA'MsO~ and tetrabutylammonium hydrogen phenylphosphonate
[TBA"PhP(OH)O,"]. The former yielded much the same pattern of A as TBA'TsO", implying that the
aromatic ring in the latter is held away from the steroid in the complex. In the case of the phosphonate,
analysis by NMR titration was precluded by the insolubility of the salt in benzene. However, complex
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formation was clearly evident from the increased solubility of TBA"PhP(OH)O;™ in the presence of 2, and the
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resulting changes to the 'H NMR spectrum of the latter. Again, downfield motions of the steroidal CH

signals were ob

pattern of A8 in this case presumably refiects the change from anions with three H-bond acceptor centres to
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onc containing an H-bond donor.

The solubilisation of TBA'PhP(OH)O,  allowed a straightforward comparison of the binding
potencies of a range of bile acid esters. Experiments were done in benzene-hexane mixtures in which the
phosphonate was found to have negligible solubility. 2 was also insoluble in these systems, but could be
replaced by the more lipophilic 3.'% As shown in Table 2, cholate 3 proved able to solubilise a full equivalent



Table 1: 'H NMR chemical shift changes (A8, p.p.m., CsDs solvent) of steroidal protons on formation of
complexes between anions and methyl cholate (2).
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Adin2.TsO™ ° 0.48 0.27 0.34 0.2 0.2 0.2
Ad in 2.PhP(OH)O, ¢ 0.55 0.2 0.7 0.25 0.4 0.2
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of phosphonate in benzene-hexane (1:1) while, at the other end of the scale, methyl lithocholate (7) was
completely ineffective. Methyl deoxycholate (5) and chenodeoxycholate (6) were both partially successful,
the former being somewhat more efficient. Increasing the proportion of hexane lowered the degrees of
solubilisation without greatly altering the relative extraction abilities. The results confirm that, as expected,

all three hydroxyl groups in 2 and 3 contribute to the binding process. In a separate experiment the alkene
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Ester 3 5 6 7
E ey 1 e EIY 1 NN ~“L s n
Benzene-hexane (i:1) 100 25 9 0
Benzene-hexane (3:7) 78 17 5 -0
? Phosphonate/steroid molar ratios expressed as percentages. Solutions of the steroids were stirred for 3 h at
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~293 K with an excess of the phosphonate, filtered, evaporated, and analysed by '"H NMR in CDCI;
b Experiment not attempted



In conclusion, we have demonstrated that cholates 2 and 3 can act as receptors for tridentate

oxoanions in hydrocarbon solvents. Our measurements suggest that they operate through hydrogen bonding

involving the three hydroxyl groups on the a-face of the steroid nucleus. Although the affinities are limited
by the modest H-bond donor power of the OH groups, it is interesting (and probably unprecedented) to find

such effects in a neutral, lipophilic system so closely related to an important natural product.
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