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Abstract

We describe the synthesis of conjugated pyrroledasonomers and their derived polymers
on different conducting surfaces for biosensingliiappons, containing aryl-ketone 1-[4-(1H-
pyrrol-1-yl)phenyllethan-1-one, (compoundl), and iodo 1-(4-iodophenyl)H: pyrrole
(compound?) functional groups, along with their electrocheahjeanorphological properties.
Monomer?2 shows lack of electropolymerisation, while monortiés electropolymerizable
monomer. SEM-EDX, and Diffuse-reflectance FT-IR (BIRIR) were employed for surface
characterisation of the deposited polymeric filmFArO glass.

1. Introduction

The use and application of amperometric chemicdl lsiochemical sensor have attracted
considerable attention in recent years. The faboicaand characterization of electroactive
conducting polymers modified electrodes have beéhzad in the design of novel
amperometric biosensor devides. Immobilization of biological active molecules on
conducting surfaces via tailored electropolymers attracting widespread interest as
advanced materials. The use of such functionalededtropolymers in the modification of
conducting surfaces enable the easy electrochemrucaiol of various parameters including
film thickness, film morphology, and active clustdoading. Among all others conducting
polymers, polypyrrole has been widely studied asedufor the immobilization of enzymes,
antibodies, and nucleic acids, due to its good drigmatibility>’ In 1979, Diazet al. first
reported the formation of conducting and high stgddlypyrrole film on a platinum electrode
using anodic oxidation of pyrrole monomer in acétda.® In the last two decades, pyrrole-
based polymers have been studied extensively dileitostructural versatility, stability, high
conductivity, electrochemical properties, ease ofliiication via either structural derivations
or copolymerization, and finally ease of generatotvemically or electrochemically on the
electrode surfaces.
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In this study, we reported the electrochemical p@gization, and surface modification of
two N-substituted functionalized pyrrole derivasveearing different functional groups, aryl
ketone 1) and aryl lodo %), which can be used for post-functionalizationhésoe 1)
allowing the introduction of biological groups wirth conducting films. For example,
compound2 can be used in palladium-catalysed C-C coupliragtiens such Sonogashira
couplings (scheme 2). While, compouhdan be involved in the condensation reactions with
Schiff-bases, and amingsThe resulting polymeric films were characterizesing SEM-
EDX, and DRFT-IR techniques.
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1-[4-(1 H-pyrrol-1-yl)phenyl]ethan-1-one 1-(4-iodophenyl)-1H-pyrrole
1 2

Scheme 1Structures of N-substituted functionalized pyrradéivativesl and?2.
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Scheme 2Proposed Sonogashira couplingof

2. Experimental

Commercial reagents were obtained as ACS grade $igma Aldrich, Alfa Aesar or Fisher
Scientific and used without further purificationc&onitrile (MeCN) was distilled over CaH
under nitrogen, deuterated acetonitrile was usedreagived. Tetra-n-butylammonium
tetrafluoroborate (BINBFs) were synthesised according to literature procegityrand kept
under nitrogen. NMR spectra were recorded on a &r#C 300 (300 MHz) and Bruker
Ascend 500 (500 MHz) spectrometers. All shifts queted with respect to TMS using the
solvent signals as secondary standard. Electroda¢mi measurements and
electropolymerisation (surface deposition) were enading a potentiostat/galvanostat type
Autolab (PGStat 302N, and PGStat 30). Electropohgaton of the monomers was carried
out using a three-compartment cell in 0.2 M NBftw in MeCN under nitrogen. The polymer
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films were deposited on platinum disc, glassy carbar Fluorine-doped tin oxide (FTO)
working electrode with a Ag/AgCl reference eleced@M NaCl, saturated AgCl).

2.1Synthesis

Synthesis of 1-[4-(H- pyrrol-1-yl)phenyllethan-1-one, Compoundl was achieved
following the reported methéd identity was checked by4-NMR.

Synthesis of 1-(4-iodophenyl)-Hi- pyrrole, Compound was synthesized using the copper-
catalyzed Clauson—Kass reactibstarting from 4-iodoaniline (Scheme 3). A mixtafe2,5-
dimethoxytetrahydrofura (0.145 g, 1.1mmol), 4-iodoaniline (0.219 g, 1 mjreotd CuC

(2 mol %, 0.015 g, 0.1 mol) was refluxed with stigr in HO (3 mL), for 1 hrs. The
completion of the reaction was monitored by TLCngsa mixture of ethyl acetate and
hexane (5:95%). The reaction mixture was coolesbton temperature, before being diluted
with ethyl acetate (20 mL). The aqueous phase wasxtracted (2 x 20 mL) with ethyl
acetate and the combined organic extracts werd dsier magnesium sulphate, before being
concentrated and dried in a vacuum. The resulisglue was purified by silica gel column
chromatography using hexane/ethyl acetate in a @b6t6 afford yellowish solid (0.235 g, 87
%). & (500 MHz, CDC¥) 7.28 (d,J = 8.9 Hz, 2H, H-aryl), 7.15 (dl = 8.9 Hz, 2H, H-aryl),
7.05 (t,J = 2.2 Hz, 2H, H-pyrrole), 6.35 (] = 2.2 Hz, 2H, H-pyrrole)J (125 MHz,
(CDsCN) 139.4, 137.5, 121.1, 118.0, 109.8, 88.3. A@allcd (found) % for @HioN2: C,
60.50 (60.30); H, 2.13 (2.15); N, 3.17 (3.16); 3.8 (33.65). FTIR: 2970 (vw); 1585 (m);
1496 (s); 1405 (w); 1330 (s); 1263 (m); 1189 (W26 (w); 1064 (m); 1002 (m); 918 (m);

813 (vs); 727 (vs).
!\
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Scheme 3Synthesis o1-(4-iodophenyl)-H-pyrrole (compoun@).

3. Results and discussion

3.1Synthesis
In earlier work we have reported the synthesis amhpgoundl; however, we have not
explored the formation of electropolymer film ofighderivative!! The synthesis of
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compound2 was quite easy with the copper-catalyzed Clausasskeaction, shown in
Scheme 3. This allows large quantities to be obthwith overall yields of 87%, despite
the use of silica gel column chromatography. Figurshows the'H-NMR spectrum of
compound? in deuterated- chloroform (CDg}l Both aryl protonsg andb) exhibit a pair

of doublets with higher chemical shifts (downfiesthift) after pyrrole-ring formation
compared to théH-NMR of the 4-iodoaniline consistent with replacam of a strong
electron donor group (NB with a weak electron donor (pyrrole). The pyer@rotonsc
andd exhibit a pair of triplet aé 7.1 and 6.4 ppm. This was supported by 2D COSY NMR
results, shown in figure 23C and DEPT experiments.
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Figure 1. StackedH-NMR spectra of (bottom, black) and its parent 4-iodoaniline (top,
red), in CDC4.

[

L Lo g
— o 0 =
Jo o ° o
" 21' @ [ S I A @ S S B L R A I ;_:

7.6 7.4 1.2 7.0 6.8 6.6 6.4 F2 [ppm]

Figure 2.2D COSY NMR spectrum ¢ in CDCl.

3.2 Electropolymerisation — polymeric film formation

All attempts to electropolymerise compouRdemploying a variety of electrolytes, solvents
and conditions have failed. However, this lack t#ceopolymerization is not surprising;
many studies have reported this lack of polymaosatvhich attributed to the steric
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hindrancé®>** Compound 1 undergoes facile electropolymerisation potentiisitly
(chronoamperograms) in freshly distilled acetol@t(MeCN) containing 0.2 M [NB4[BF 4]

at platinum, vitreous carbon, or FTO electrodegit@ stable well-adherent black films, as
shown in figure 3. The optimum polymerization paiainof 1 is +1.2 V (vs. Ag/AgCl) for
300 seconds where 308 pA was passed, either onraaHETO glass electrode.

Figure 3. FTO surface coated with black film of paly-

3.3 Surface characterization

The morphology of the polymers was investigateshgisin SEM study of films coated on

FTO glass electrodes, at different film thicknddswever, uneven nucleation growth films

have been obtained with no remarkable featuresi(€id), within the resolution limits of the

microscope. EDX analysis of the deposited film diOFshows the presence of C, Sn, Si, O,
N confirming the presence of the polymeric film BRO surface (Figure 5). Further studies
using high resolution microscopy such as TEM anmssisection area analysis for film

thickness determination are needed.

10pm ! Electron Image 1

235



Kerbala journal of pharmaceutical sciences. No. (13) 2017 (13 ) 22l Au¥arall & glall &30 ) Alas

Figure 4. SEM images of poly-on FTO electrode showing uneven nucleation grdiith
with no remarkable features.
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Figure 5. EDX of the surface of pol{-on FTO electrode.

3.4 Diffuse-reflectance FTIR spectroscopy of the fpymer film

By using diffuse reflectance spectroscopy (DR),séd-FT-IR (DRFT-IR) spectra were
recorded on films grown for 1170 seconds where 2&5 was passed, with the polished,
platinum electrode providing the background speetréFigure 6 shows the DRFT-IR
spectrum of polyt where the band at 1683 ¢nis the characteristic vibration o€£0)
carbonyl of the ketone. The band observed at 1588 is the characteristic vibration of
pyrrole ring, while the bands in the range of 14h8 1000 crit are clearly the characteristic
peaks for pyrrole, and phenyl rings, which is imesgnent with previous studi€s® These
observed bands are similar to the characteristitddaof the functional groups in the
corresponding monoméy shown in figure 7.
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Figure 6. Reflectance FT-IR spectrum of the reduced-form fiff poly-1.
\«
(D
N
[
| / %
0
_iM | — !
3500 3000 2500 2000 1500 1000 500

Wavenumber/cm?!

Figure 7. FT-IR spectrum of monomér
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4. Conclusion

We have described the synthesis and the electrochkemtudy of with iodo
(compound 2), and aryl-ketone (compound) groups available for further
functionalization . The synthesis procedure2dé quite straightforward that affords
the target molecules with good yields. However,yatobmpoundl was readily to
electropolymerize potentiostatically on conductsugfaces. The surface morphology
of Poly-1 films was studied using SEM-EDX and DRFT-IR teclugs. SEM results
showed unremarkable features within the resoluliimits of the microscope. Both
EDX and DRFT-IR results confirmed the presencehef target polymeric film on
conducting electrodes.
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