Ferrocene-based Redox Enantioselective Sensors for Chiral

Carboxy

lates

Yasmine ner 2 Kevin Joly ® Christopher J. Moody ? Sarah L. Horswell @ James H. R. Tuckere
a, School of Chemistry, The University of Birmingham, Edgbaston, Birmingham, B15 2TT, UK
b, School of Chemistry, University of Nottingham, University Park, Nottingham, NG6 2RD, UK

Email: yxw514@bham.ac.uk

Introduction

The aim is to design redox active enantioselective sensors for a selection of
chiral carboxylates. Our aspiration is to develop an electrochemical method for
chiral sensing that could develop into a novel method for quantifying the
enantiomeric excess (ee) from asymmetric reactions.

Synthesis of Receptor and Host Compounds
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Scheme 1: i. PPh;, DIAD, thf, 0 to 50 °C, 89%; ii. NH,NH,H,0, L o NO,
EtOH, 50 °C; iiia. ferrocene carboxaldehyde, rt, 82%; iiib. 1,1'- 8
ferrocene biscarboxaldehyde, rt, 59%; iv. BF;OEt,, RM, toluene,
-78 °C: v. Zn dust, AcOH / H,0, 3:2, thf traces, ultrasound, 6 h,
40 °C: vi. ArNCX, dry CH,Cl,, rt.

Binding Studies by 'H NMR

Change in the 'H NMR spectrum upon addition of guest carboxylates
confirms binding through H-bonding interactions.
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Figure 2:1H NMR in CDCN of (a) 4 (5 mM) and (b) 4 in the presence of one
equivalent of (S5)-11 (5 mM total concentration).

IH NMR Job Plot in CH3;CN establishing the stoichiometry as 1:1

Figure 3. 'H NMR Job plot in CDsCN of host with (S5)-2-phenylbutyrate guest
(5 mM total concentration).

Binding Studies by Electrochemistry

— Table 2. A& values (vs. dmfc) recorded upon complexation of
%NIND various chiral carboxylates by receptors 2-8 (ca. 0.5 mM) in
S o, CH,CN.

AFn {ve dmfc) mV (£ 5 mV)
Componnd | (513 | (813 | i%0-14 | (R-14 ] (5018 | iR)-18 [ 15506 | (R)-16
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Figure 5. Cyclic voltammograms of 2 (0.55 mM)

and decamethylferrocene (dmfc) (0.34 mM), in (a)
the absence (b) the presence of 1 eq and (c) the s ow ibir bebanvas npon complraaton
presence of five equivalents of (5)-11 in CHyCN. e dnplay mvibbe brhavior upon exerw of garst

Although generally no significant differences in Afo' was observed upon addition of an
excess of either enantiomer of guest to the receptors, a difference in Afobs (= Fobs -
£ host) was found for receptor 4 and guest 15 at around equimolar amounts of host and
guest (see fig 6), as well as for receptor 8 and guest 16.
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Figure 6. Titration of the Afobs value in CH;CN of the redox wave of (a) receptor 4 against

equivalents of (5)-15 (blue diamonds) and (R)-15 (pink squares) (b) receptor 4 against equivalents of

(5)-13 (blue diamonds) and (R)-13 (pink squares), (c) receptor 8 against equivalents of (5)-16 (blue

diamonds) and (R)-16 (pink squares).
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Aims & Methodology

1. Design and synthesise ferrocene-based receptors

2. Determine the binding constants of these receptors fowards chiral carboxylates
3. Establish the effectiveness of these receptors as enantioselective sensors

4. Develop self-assembled monolayers of ferrocene-based sensors on gold electrodes

Possible Receptor/Guest Complexes
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Figure 1: a-c. 1:1 complex of host/guest; d. 1:2 complex of host/guest; e. 2:1 complex
of host/guest.

Binding Studies by UV -vis

Band at 337 nm decreases and band at 368 nm emerge as the 1:1 complex forms.
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Figure 4. (a) UV-vis titration of 3 (0.025 mM) in CH;CN against molar equivalents of (R)-11, The inset
shows the increase of absorbance at 368 nm upon the addition of (R)& (5)-11; (b) Benesi-Hildebrand
plots for 4 with (R)-11(pink squares) and (5)-11(blue diamonds) in DMSO at 380 nm.

The Benesi-Hildebrand equation was used to obtain the binding constants. To

ensure that a significant amount of complexation was only achieved in the

presence of a large excess of guest (as required by this method), the solvent

was changed from CH;CN to DMSO.

Table 1. Binding constant values, logk (+ 0.04) at 293 K in DMSO, obtained by UV-Vis
spectroscopy using the Benesi-Hildebrand method.

Togh at 293 K in DASO (+ 0.05)

Compound | (5)-13 | (R)-13 | (5)-14 | (R}-14 | (5)-15 | (R)-15 | (5516 | ()16

338 | 33 | oa22 | a2 | oaas | oan ; a
334 | 33 | 298 | 5 302 | 303
342 | 333 | 298 | 328 | 303
372 | 364 a a

387 a a a

338 | 339 a

324 316
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G\/K\(K/\D Figure 7. Cyclic voltammetry of (a) receptor 17 + dmfc

=t (0.56 mM), and (b) receptor 18 + dmfc (0.61 mM), at

- different scan rates in DCM. The inset shows a linear

YO relationship between /¢ and the scan rate, which confirms
reversibility of the SAMs.

Studies of these SAMs on gold electrodes in the presence of guests are
in progress. Better enantioselectivity could be achieve due to the forced
ordering at the surface.

Conclusion

A series of chiral ferrocenylalkylureas hosts have been tuned to bind a range of chiral
carboxylates guests through H-bonding interactions. Furthermore it has been shown
that opposite enantiomers of guest 15 and 16 can be distinguished by electrochemical
means if a suitable host is designed. These results can be largly explained through
differences in binding constant values extracted from the UV-vis titrations.
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