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2,2'-bis[2-(5,2'-bithienyl)]-3,3'-bithianaphthene oligomers are a model case of electroactive films

DOI: 10.1039/X0XX00000X endowed with "inherent chirality", originating from a stereogenic element coinciding with the whole
electroactive backbone, thus resulting in impressive manifestations. This study highlights their
www.rsc.org/ . . s e . .

applicative potentialities as low-cost and easy-to-prepare artificial enantiopure electrode surfaces,
which display an unprecedented ability to pronouncedly separate voltammetry peaks of enantiomers of
quite different chiral probes of applicative interest, concurrently with linear dynamic ranges for peak
currents, affording enantiomer excess determination. Thus inherently chiral enantiopure electrodes can

indeed be regarded as a key to chiral voltammetry.

a difference in current intensity between the digmd the two
antipodes of a model probe, without differentiatioh their
Development of “intelligent’ electrodes capable ofdox potentials. Moreover, the chiral enantioséleclayer
discriminating enantiomers, in particular thoseofmpounds of was in many instances specifically tailored foriaeg probe
biological and pharmaceutical importance, remaissoae of molecule. Finally, many procedures of surface modalion
the major challenges in electroanalysis. appeared to be very sophisticated and/or the afitivs very
Enantiomeric molecules, being mirror-image struesurhave fragile. In this context, most desirable is the @lepment of a
identical physico-chemical scalar properties (properties low-cost and easy-to-prepare artificial chiral élede material,
unchanged by reflection, like m.mp, Amax €tc.), but opposite stable and capable of discrimination of a wide efgriof
pseudo-scalar ones (properties inverted by reflection, likg, antipode pairs. Above all, however, discriminatshrould result
CD ellipticity, enantiodiscrimination capacity, 8tc When in a well pronounced differentiation in the antigpodedox

Introduction

interacting with a racemic probe, chiral molecudes able to
recognize the enantiomers through diastereometérdations.
Classic examples are the selective dispersion badrption of
the two opposite circularly polarized componentghef plane-
polarized light effected by chiral materials, arftke tchiral

potentials, with the corresponding currents exhigita linear
dynamic range, so that the two antipodes couldelcegnized
and the enantiomeric excess estimated.

Chiral conducting polymers and oligomers represemt
attractive pool where solution to the above issoesld be

looked for. However, the approaches exploited sd®aamely,

the attachment of chiral pendants to common achi=i
monomers, or the adoption of chiral templating dbons,
have led to poor or unstable chiral manifestatiguussibly on
gccount of the "external” nature of the chiraliburce.

stationary phases in HPLC, which control the ehlutiitnes of
two enantiomers. Similarly, chiral electrodes aegquired for
enantioselective electroanalysis.

The only efficient examples of chiral electroaneigt
enantiodiscrimination already in use are providey
biosensors, composite systems based on chiral diaio Recently, we devised an innovative approach to athir
materials, chiefly enzymes, as recognition layecsipled with conducting thiophene oligomers, based on the cdnokphe
prevailing amperometric or potentiometric signansduction. 'inherent chirality””?° In these oligomers, the stereogenic
In this context, the development of chiral elecaatirfaces and element is a tailored torsion intrinsic to the wdelectroactive
sensors based on artificial enzymes or preparedyusinthetic backbone. This torsion arises from insertion obpisomeric
materials are very attractive. In the last yearsrat platinum biheteroaromatic scaffolds, rather than stereocertealized
surfaces;® SAM-modified electrode$’ surface-modified in attached pendants. Therefore, in these oligoméns
nanoporous opal film electrod®anetals doped with chiral stereogenic element responsible for chirality soalkesponsible
organic moleculed, films imprinted with enantiopure for electroactivity, since it constitutes the caygted backbone.
templates®*® a sensitivity-enhanced field-effect chiral sensdyloreover, chemical or electrochemical oligomeriaatof the
hinging on a thiophene-based monorfemnd mesoporous 2.2-bis[2-(5,2™-bithienyl)]3,3"-bithianaphthene B-T,) parent
chiral metal surfacé3were described. monomer mostly yields cyclic oligomers (BT,
However, even the most successful attempts of Ichifedominantly dimers and trimers. They constitutegs of

discrimination almost invariably resulted just iretdetection of fully conjugated thiophene units, idealizing contiug
polymers without ends (Scheme 1).
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significantly affect the energetics of the electtoansfer
process in both thermodynamic and kinetic tetfns.
Importantly, the enantiopure films studied so faersv not
imprinted or templated with the chiral probe emgdyIn fact,
these probes were selected only on account of being
commercially available and having a clear reveesgignal in a
n-1 suitable potential range. Another interesting feataoncerns
(BTxTn n=25 the dependence of the separation of the peaks ef th
Scheme 1. Planar presentation of monomer BT,-T, and cyclic oligomers (BT2-Ts)n. enantiomeric prObeS upon the enantiomeric ratidat, peak
separation was much higher when testing the racematbe
This outstanding feature combination yields exeemti COMpared to enantiopure antipodes. A reasonalgepiretation
chirality manifestations: among others, circulagplarized Fesorts to antipodal interactions pher]o7mena, fesognized by
luminescence, and, above all, the capability, asctedde VWynberg and Feringa long tlme_éééz the energetics of a
material, to discriminate the two enantiomers aommercial Pinary system, constituted by a single enantiopuobe in the
ferrocene-based chiral probe in terms of redox pi@k That environment of the enantiopure chiral film, canshmlflca_mtly
is, two neatly separated reversible voltammetriaksewere different from that of a ternary system formed bypar of
reproducibly recorded:*® However, several issues still remai?robe enantiomers in the environment of the sanamteypure
to be addressed, in particular those involving smsent of this chiral film. .
material full aptitude to perform as a chiral efede material. 1€ major issue still to be addressed was whether t
This assessment includes verification of the epaatognition €nantioselectivity of the same chiral films woulel domparable
ability of the same material towards different ehiredox towards other chiral probes of different bulkinessd,
probes, possibly of pharmaceutical interest. Moegpvit desw_ably, of_practlcal importance. To this aim, ezein te_sted
involves verification of the possibility to work solvents other the films using two different chiral probes of pimarceutical
than the ionic liquid (IL) applied in our initialests, thus interest, namely 3,4-dihydroxy-phenylalanine (DOPA
opening up a large field of experiments governed thg precursor of catgc_ho_lamme neurotransml'gters, aﬂuka:clr_], a
solubility of the analytes. Then, analytical partens, Very p.opular antibiotic. Since the IL medium Wgspraxprlate
including detectability, sensitivity, and the ewiste of a linear for neither one of them, we turned to conventiosalvents.
dynamic concentration range, should be assesseddier to Moreover, we used conventional glassy carbon edes (GC)

meet the requirements for the determination ofathinalytes, Pecause acetonitrile (MeCN) is not compatible wite
including quantification of their enantiomeric esse insulating paints of commercial SPEs. These caooriiti

Accordingly, we herein provide preliminary, but pisely afforded further validation of the "inherent chitgl approach

affirmative, answers to each of the above issukasTwe show [0 €lectroanalytical enantioselectivity.
that this new concept should be regarded as aaceinarily 1"US, the enantioselectivity tests were performad40 mM
valuable asset for chiral electroanalysis. solutions of L-DOPA and D-DOPA in acidic agueousuton

(50 mM HCI), working on §- and R)-(BT>Ty), films,
deposited by potentiodynamic electrooxidation omuwercial
GC electrodes from 0.5 mM solutions of the startimgnomers
(9- and R-(BTxT4, films, deposited either byin MeCN + 0.1 M tetrabutylammonium hexafluororphiafe
potentiodynamic electrooxidation of enantiopure B} (TBA)PF..

monomers in  1-butyl-3-methylimidazolium  hexafluoro- 0.0020
phosphatg BMIM)PF¢ as mixtures of several cyclic oligomer ooos | SO0PA (a)

. . . —D-DOPA
productst’t82° or drop-cast from solutions of single cyclic
18,20

oligomers! revealed spectacular CV peak potential e o i OH
separation between th€){ and R)-antipodes of\,N-dimethyl- 00005 NH,
1-ferrocenylethylamine. The separation is as hight®0 mV oH
if the probe enantiomers are tested individuallyd & is even
higher for racemates. The electrode processes are
electrochemically and chemically reversible andirthfast 02 00 02 04 06 08 10
oxidation potential is either slightly lowéror closé® to that of E vs Fe'Fel (V)
the (BT»T,), oxidation. These very attractive results were  oomo 00010 [,
obtained working on modified screen printed eletd® (in 0.0008 (b) 00008 (c)
particular Au-SPEs) in a drop of IL, resulting tlogtimal
electrodeposition medium, consistently with forntiéerature
evidences?® Moreover, not only the anodic peak potential
separation of the enantiomeric probes was impres&iut the 0.0002
separation was quite specular on enantiomeric reldées and
reproducible in consecutive experiments performeth wthe
same electrode, after regenerating it with a few @¥les in 00002 it e -0.0002

. . o2y g . - 8 0.2 0.0 0.2 0.4 0.6 0.8 1.0
probe-free IL. As a possible explanation of suclittsgg of the E vs Fc'[Fe (V) E vs FerlFe / (V)
antipode peak potentials, it was suggested that, pfocess
taklng place inside the .Chlral film (.SInCE it |strg)gn|f|cqntly Figure 1. Cyclic voltammetry characteristics of DOPA enantiomers (4 mM in H,0
charged at the working potentials), the interadionf . s5o0mm HCI). (a): bare GC electrode. (b) and (c): GC electrode coated with (S)-
enantiopure probes with the surrounding enantiopue,-T.),and (R)-(BT,-Ts). film, respectively.
environment should be of diasteromeric nature, thsdefore

oxidation
- >

Result and Discussions
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Figure 2. Discrimination of /evo- and dextro- ofloxacin enantiomers on GC disk
electrodes coated with (S)-(BT,-T4), and (R)-(BT,-Ty4), films, in MeCN + 0.1 M
(TBA)PFg medium. (a) CV patterns and (b) background-subtracted CV patterns
recorded for 8 mM levo-ofloxacin on (S) and (R) electrodes (green and red thick
lines), and for 3.5 mM dextro-ofloxacin on a (R) electrode (red thin line). (c)
Background-subtracted CV patterns for 3.5 mM J/evo- and dextro-ofloxacin
(yellow and blue line respectively) on a (S) electrode. For comparison's sake, plot
(a) also includes the CV features of 3.5 mM ofloxacin enantiomers on the bare
GC electrode (yellow and blue dotted lines) and the CV features of the probe-
free (R)-(BT,-T4), film electrodeposited on GC (grey line).

Enantioselectivity tests were also performed on dfiexacin
enantiomersi.e, for the 3.5 mMdextro (R)-enantiomer and for
the 3.5 to 8 mM more availablevo (S)-enanantiomer. In this
case, the same MeCN + 0.1 M (TBAY&ectrolyte solution
was used for both the deposition of the chiral 81,
oligomer fiims on the GC supports by potentiodynami
electrooxidation and the subsequent enantiodisgstiun tests.
Under these experimental conditions, the ofloxditst anodic
peak was superimposed to the onset of the,{B]J, film
oxidation, implying to work at high probe concetitvas or to
apply background subtraction to enhance the signral-
background ratio. However, a neat difference ofuat8) mV
was observed between the oxidation peak of a giwamtiomer
(in our casdevo-ofloxacin, available at higher concentration}
on the specular§ and R) surfaces (Figure 2a and 2b, gree=
and red thick lines). Symmetrically, the same npgatential
difference was observed for the twievo- and dextro-
enantiomers on the samB)(enantiomeric surface (Figure 2a
and 2b, thick and thin red lines) on which tldextro-
enantiomer is the first sensed, resulting cleaiyjble even at
3.5 mM concentration. The separation of the 3.5 hald- and
dextro- enantiomers on theSY surface can be observed, too, by
CV with background subtraction (Figure 2c).

Finally, some preliminary quantitative analysis téesvere
performed in search of a linear dynamic concemnatange for
the chiral probes on the enantiopure film coatedtebdes and
for exploiting these tests in estimation of the rditaneric
excess when analysing non-equimolar mixtures oht&o@ers.
Concerning the first issue, CV patterns were reegribrlevo-
ofloxacin in MeCN + 0.1 M (TBA)PEon the §-(BT,Ty),
film coated GC electrode. Despite thevo-ofloxacin first
anodic peak being located at the onset of 8} B T,-T,), film
oxidation, the CV anodic peak current was propodiao the
levo-ofloxacin concentration in the range of 1.0 mM @M
(Figure 3), yielding a calibration plot, which olselythe linear
regression equation &f,ogid (A) = (1.7 * 0.1) x1G Cevo-ofioxacin

/ (mol dm®) + (9 + 9) x1° with the correlation coefficientfR=
0.996. The sensitivity and detectability were: 0.G10.001 A
M and (6.2 + 0.2) x IHM, respectively, at the signal-to-noise
ratio of 3. Thus, the studied chiral film coate@attodes are
suitable for quantitative enantioselective analysis

J. Name., 2012, 00, 1-3 | 3
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Figure 3. Quantitative CV analysis preliminary tests on (S)-(BT>-Ta), film -02-01 0 01 02 03 04 05 06
electrodeposited on GC disk, in MeCN + 0.1 M (TBA)PFs. In the inset linear E vs Ag/AgCl / (V)
dynamic range for levo-ofloxacin antibiotic. 2.5E-05
1S:1R b
The possibility of enantiomeric excess evaluaticas lbeen 1S:1.6R (b)
achieved, for the first time in electroanalysisthi(S)- and R)- 2.0E-05 o
N,N-dimethyl-1-ferrocenylethylamine probes on oligd-( —1S:2.2R
(BT-T,), films, electrodeposited on Au-SPEs in (BMIMYPPF
(Figure 4). Two symmetrical series of (BMIM)PBolutions < 1.5E-05
with the increasinggR or R/S ferrocenyl probe ratios were g
analysed by DPV, depositing ~0.025 *trdrops on the =~
functionalized Au-SPEs. Each measurement sequer@® W o 1.0E-05
performed with the use of the same film coated AREShy
regenerating the surface between subsequent measte by
a few CV cycles in monomer free IL. For both seriagios of 5.0E-06
the DPV peak area for the enantiomers well coredlatith the '
enantiomer concentration ratios, as confirmed mearly unit
slope of the plot in Figure 4 (c). 0.0E+00
_ -02-01 0 01 02 03 04 05 0.6
Experimental E vs Ag/AgCl / (V)
Cyclic voltammetry (CV) and differential pulse vathmetry 3.0
(DPV) experiments were performed using Autolab P&BT Me (c)
potentiostats of Eco-Chemie (Utrecht, The Nethel$an
controlled by a PC with the GPES software of thensa 25 | )\©
manufacturer. All measurements performed in traditional o Me:N Fe °
solvents, acetonitrile (MeCN, Sigma-Aldrich, anhyads, s 20 | S) @
>99.8%) and water (}0, Sigma-Aldrich, TraceSELECY, ’CIG
were carried out with a three-electrode V-shapediaall (with Q
3 cn? of solution), with a glass-embedded glassy cartlisk < 15 | °
(GC, Metrohm,S = 0.031 cr) as working electrode, a Pt disk =
as counter electrode, and an aqueous saturatechala(8CE) & 10 | ° Me
as reference electrode operating in a double britdigel with )
the working medium, to avoid water and KCI leakage the NMe,
working solutions. N purging before measurement was not 05 | Fe (R)
necessary since all experiments were included potential @
range more positive than ,Oreduction. The optimised 0.0 ‘ ‘
preliminary polishing procedure for the GC disk otlede :
consisted in treatment with a diamond powder pfridiameter 0.0 1.0 2.0 3.0
(Aldrich) on a wet DP-Nap cloth (Struers). Enantiomeric Ratio

Electrodepositions of conducting chird){ and §-(BT>-T4n

oligomer sensing films were performed on the GCk digigure 4. (a) and (b) DPV evaluation of enantiomeric excess for ferrocenyl chiral

electrode with 0.5 mM enantiopur@)( or (S)- BT,T, prosbe, on (S)-(BT,-Ta), film electrodeposited on Au-SPE electrode, in about 0.025

monomer solutions in acetonitrile with 0.1 m® (BMIM)PFs. (c) DPV peak area ratios plotted against ferrocenyl enantiomer

tetrabutylammonium hexafluorophosphate as su rti.?:I/R (yellow dots) and R/S (blue dots) molar ratios. The initial concentration of
Yy p p PP each probe enantiomer was [10.026 mol dm>.

electrolyte (Flukaz98%).

4| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012
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For that, 36 consecutive oxidative potential cyade®.2 V & This work was financially supported by Fondazionariflo
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