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Synthesis of 4,4’-di(mercaptomethylthio)-2,2’-
bipyridine and in situ spectroscopic characterization

of its electropolymerized films'
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Reported are the synthesis of 4,4-di(mercaptomethylthio)-2,2-bipyridine and its electrochemical polymerization in
acetonitrile, producing films which are strongly adsorbed onto gold electrodes.
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Bipyridyl based polymers are particularly interesting materials L
for applications in electronic and optical devices, because o 80+ 1
their capability to bind transition metal and lanthanide fohs. 1 1
Here we report the synthesis and characterization of a nove 60+ .
2,2-bipyridine derivative containing dithiomethylene sub- 1
stituents at the 4'4ositions (tmbipy). Electropolymerisation 40 -
of this species has been pursued, in order to generate thin filn :
of bis(2,2-bipyridin-4-ylthiomethyl)disulfide or poly-tmbipy, 20+ .
adsorbed onto gold electrodes, suitable for interacting with
metal complexes. 04 4
-20+ .
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Fig. 1 Electrodeposition by cyclic voltammetry scanning, at

The monomeric 4.4di(mercaptomethylthio)-2’bipyridine 50 mV/s?, in (0.1 mol/dm?3) LiCIO, acetonitrile solution, of A)
( P y ) Py tmbipy (3.8 mmol/dm3) over a 3 mm diameter gold disk elec-

species_ was prepa}red _by starting from’-Biﬁyridin_e, _and trode; B) of the [Ru(bipy),tmbipyl?* complex (3 mmol/dm3.

conve.rtllng Seque_m'a.lly into the C'OI’I’eSpondNQE\I'-dI.O)'(Ide, Inset: cyclic voltammetry (200 mV/s') of the modified electrode

4,4 -dinitro-2,2-bipyridiné, 4,4-dichloro-2,2-bipyridine®, B in pure electrolyte solution.

4,4-di(methylthio)-2,2-bipyridine'® and finally into the 4,4

di(methylsulfinyl)-2,2-bipyridine as described here (see o . .

Experimental Section). The Pummerer rearrangement of thigerivative, was the key step for the subsequent desired dimer-

disulfoxide with thionyl chloride, to yield the,a-dichloro  capto functionalization with thiourea. The dimercapto func-
tionalization was confirmed by FTIR spectroscopy, from the

iati 1
* To receive any correspondence. E-mail henetoma@iq.usp.br characteristic 2550}&"“)’ 870 cn (63"") bands, byH NMR

" This is a Short Paper, there is therefore no corresponding material itd @lS0 by the classical test with tdghiobis(2-nitroben-
J Chem. Research (M). zoic) acid (DTNB or Ellman’s reagent).
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Electropolymerization of tmbipy was carried out in acetoni- 02
trile solutions, using gold electrodes, by cycling the potentials
in the 400-1900 mV range. Thiol groups are known to form
very strong chemical adsorbates onto gold surfaces. As show
in Fig. 1A, there is a gradual current increase above 1400 m\
associated with the oxidation of thiol groups in the adsorbec
monomeric species.

In generak! polymerization of thiols proceedsa the com-
bination of the adsorbed radical species, as represented |
Egns (1) and (2).
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and/orvia the propagation of the electron transfer steps, lead:
ing to extended chains (Eqn (3)):

HS-R-S + HS-R-SH- HS-R-S-S-R-S+ H* + e 3

The anodic potential was kept below 1900 mV, in order to
minimize the oxidation of the thiol radicals to -p@roups
(Eqgn (4)), as previously reported for a number of organic thiol

species?! 00 L. ! . ! . ! . ; ,
600 800 1000 1200 140

R-S +3H,0 - ..R-SQ, + 6H* + 5e (4) Wavelength / nm

This step W-i" block the propagation of the pon?rizaﬂon Fig. 2 In situ electronic spectra of electrodeposited films of
process, and is probably responsible for the saturation of cwm?k')ipy onto gold electrodepaﬁer 10, 20. 30 40pand 50 voltam-
rent response observed after50 voltammetric cycles. metric cycles. T

In the reverse scan, a broad cathodic wave was observe
around 1100 mV, involving the reduction of the redox sites
responsible for the electronic transport above 1400 mV. B A L

The growth of the polymeric film was successfully moni-
tored byin situ electronic spectroscopy, using fibre optics, as
well as by means of FTIR spectroscopy using Ge-ATR probes
Typical successive electronic spectra recorded during the poly
merisation process can be seen in Fig. 2. A strong band |
observed around 540 nm, reaching a maximum intensity abov
50 voltammetric cycles. Considering that the several isolates
components of the polymer do not absorb in the visible region
the observed bands should be ascribedt tort transitions
involving the chromophore sites generated during the oxida
tion process, as usually observed for conducting polymers.

The FTIR (Ge-ATR) spectra of the films recorded during the
electropolymerization process are shown in Fig. 3. In additior
to the HO bands at 3400 0H) and 1647 cA(30H,), one can
see theyCH peak at 2907 crh and the 2,2bipyridine vibra-
tional peak¥ at 1593 YCC +VCN), 1508, 1458, 1423CCH

+ vCC +VCN), 1369, 1319 §CCH + vCC) 1265 YCC + 20 cycles
VvCN), 1161, 898 CCH + vCC + aCCC) and 810 crh ‘/\//—W
(aCCC +3CCH +vCC). A strong, broad peak can be observed

at 1053 cmt, corresponding to the stretching vibrations of the - 5 cycles
— SQ, groups generated at the end of the polymerizatior
process. ThevSS peak usually occdfsbelow the working T P EE U T R
limit (700 cnT?) of the Ge-ATR probe, and, in addition, it is 4000 3500 3000 2500 2000 1500 1000
expected to be infrared-inactive and not detected by FTIR. y

In order to exploit the formation of polymeric metal com- Wavenumber /cm
plexes, the tmbipy compound (0.065 g, 0.21 mmol) was
treated with an equivalent amount of [Ru(bigf)] (0.10 g, Fig. 3 FTIR spectra of the electrodeposited films of tmbipy
0.211 mmol) in 10 chof 3:2 ethanol:water solution, and kept onto gold electrode, recorded using a Ge-ATR microscopy
under reflux for 5 h in the presence of fivefold excess of ascorProbe. after 5, 20 and 50 voltammetric cycles.
bic acid. After solvent evaporation to about 1/4 of the initial

volume, a small amount of an orange-brown solid precipitatethnto gold electrodes was carried out by cycling the potentials
on adding NHPF; in excess. This material was characterized from 400 to 1500 mV, as illustrated in Fig 1B. The increase of
spectroscopically from its characteristic absorption band athe R redox wave at 1.00 V indicated the presence of the
450 nm, ascrlbed £(+) ruthenlumA-to-blpy MLCT transitions, as[Ru(bipy),(tmbipy)] centres in the polymeric filmsn situ

for the [Ru(bipy)]*" analogué? Its electropolymerization  optical and electrochemical measurements for the thin films

50 cycles
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also confirmed the presence of the ruthenium(ll) complex,Luggin compartment; the platinum wire auxiliary electrode and a
from the detection of the characteristic strong band at 450 nniemovable gold disc working electrode. The potentials were con-

and the reversible redox wave at 1.0 V (Fig. 1B, inset), in pure/érted to SHE, by adding 0.503V¥The electrochemical experiments
electrolyte solutions were carried out in acetonitrile solutions containing LiCO.1

mol/dn®), under an argon atmosphere. Optical measurements were
carried outin situ using a fibre optics Wand probe attached to a
Experimental Guided-Wave, model 260 spectrophotometer. FTIR spectra were
4,4-Di(methylsulfinyl)-2,2"-bipyridineTo a solution of 0.20 g (0.81  recorded on a Shimadzu model 8300 spectrophotometer attached to a
mmol) of 4,4-dimethylthio-2,2-bipyridine in glacial acetic acid (8 Model AIM 8800 IR microscope, equipped with Ge-ATR probes.

cm?) in a flask equipped with magnetic stirring and reflux condenser, The support from the John Simon Guggenheim Memorial
was slowly added 0.25 én(2.05 mmol) of hydrogen peroxide (30%) Foundation (HET) and the Brazilian Agencies FAPESP,

solution and 2 c#of glacial acetic acid. The mixture was stirred at FAPEMIG and CNPgq, is gratefully acknowledged.
room temperature for 24 h and after filtration and crystallization, '

0.17 g (71%) of a pinkish solid (m.p. = 193-20] was obtained.  pacejved 1 October 2000; accepted 22 January 2001
The presence of diastereoisomers in this material was evidenced 00/538 ’
the splittings of the NMR signal (d, CDCL): 8.89-8.63 (2H, dd, ' aP€r
H6H6 J = 4.8 Hz), 8.67-8.64 and 8.63-8.52 (2H, m, H3B13 1.9
HZ); 77?3—C753 (2H, m, H5H3 and 3.17 and 2.86 (6H, two Singlets, References
SOMe);13C NMR (d, CDCL): 157.84, 157.72; (C2) 155.71, 155.68 ) . . .
(C4); 150.85 and 150.35 (10(‘:)3); 118.67, 118.34 (C6): 115.71 (C5) andl J.-M. Lehn, A. Rigault, J. Siegel, J. Harrowfield, B. Chevrier and
43.35 (SOMe). Anal. Calcd. for, G4, N,S,0,: C 51.41; H 4.31; N D. Moras,Proc. Natl. Acad. Sci. USA987,84, 2565.
. . Ny By 22 2 J.-M. Lehn,Supramolecular ChemistryyCH, Weinheim, 1995,

9.99. Found: C 51.33; H 4.37; N 9.90 . Chap. 9

4,4-Di(chloromethylthio)-2,2bipyridine: To a solution of 0.10g (0.36 -
mmol) of 4,4-dimethylsulfinyl-2,2-bipyridine in dichloromethane (2 3 R. Stiller and J.-M. Lehrgur. J. Inorg. Chem1998, 977.
cm?), in a bottomed flask equipped with magnetic stirring and reflux 4 S: Cosnier, A. Deronzier and J.-C. Mouget:lectroanal. Chem
condenser, was slowly added 0.153¢@00 mmol) of thionyl chlo- 1985,193,193. .
ride. The mixture was stirred at room temperature for 24 h and after® S: Cosnier, A. Deronzier and J.-F. RolahcElectroanal. Chem.
filtration and crystallization, 0.18 g (83%) of a yellowish solid (m.p. 1990,285 133.

= 125-12%C) was obtained:; IR (KBr,crd): 1080 ¢ -1 NMR 6 C. Caix-Cecillon, S. Chardon-Noblat, A. Deronzier, M. Haukka,
(d, CDCL): 8.49 (2H, d, H6H6J = 5.2 Hz), 8.37 (2CH”Cd, H3H3 = T.A. Pakkanen, R. Ziessel and D. Zsoldb<:lectroanal. Chem
1.9 Hz); 7.22 (2H, dd, J = 5.3 and 1.7 Hz, H3)%and 5.10 (2H, s, 1999,466,187.

SCH,); °C NMR (d, CDC)): 160.87 (C2); 149.71 (C4); 148.91 (C3); 7 P.R. Teasdale and GG Wallad@alysf 1993,118,329 )

121.67 (C6); 119.37 (C5) and 48.85 (SfHAnal. Calcd. for 8 C.L. Donmg, D.H. MaX|m_o, _L.L.C. Moreira, G.T. dos Re_ls,

C,,H,N,S,Cl,: C 45.43; H 3.16; N 8.83. Found: C 45.39; H 3.21; N E.S. Cordeiro, I.M. F. de Oliveira, S. Carvalho and E. B. Paniago,

8.80. J. Braz. Chem. Socl998,9, 455.
4,4-Di(mercaptomethylthio)-2;zbipyridine: To a hot solution of 9 J.A. Connor and C. Overtod, Organometall. Chem1983,249,

0.24 g (3.1 mmol) of thiourea in ethanol (2%n9.49 g (1.55 mmol) 165,

of 4,4-di(chloromethylthio)-2,2bipyridine in ethanol (3 cf was 10 S. Anderson, E.C. Constable, K.R. Seddon, J.E. Turp,

added in small portions. After an exothermic reaction and cooling, the  J.E. Baggott and M. Pillingl. Chem. Soc. Dalton Trand.985,

bis-isothiuronium salt was precipitated and dried. A mixture of this 2247.

salt and 1.10 g of KOH, in 2 chof water, was kept under reflux for5 11 H. Lund and M.M. Baizer (edsfQrganic Electrochemistry,

hours. After acidation with dilute sulfuric acid (0.85%im 2 cn? of Dekker, New York, 1991, p 659.

water) and crystallization, 0.40 g (83%) of a yellowish solid (m.p. =12 P.K. Mallick, G.D. Danzer, D.P. Strommen and J.R. Kincaid
150°C with decomposition) was obtained: IR (KBr, @n 2550 (2 J. Phys. Chem1988,92,5628.

1), 870 B,); *H NMR (d, DMSO-q): 8.49-8.53 (2H,dd, H6H@ = 13 N.B. Colthup, L.H. Daly and S.E. Wiberlejntroduction to
4.8 Hz), 8.67-8.64 and 8.23-8.12 (2H, m, H3H3= 1.9 Hz), Infrared and Raman Spectroscopyew York, Academic Press,
7.16-7.03 (2H, m, H5HY and 4.01 (4H, 2Ck). Anal. Calcd for 1964.

CyHN,S,: C 46.13; H, 3.87; N, 8.96; Found: 46.13; H 3.83; N, 8.90. 14 A, Juris, V. Balzani, F. Barigelletti, S. Campagna, P. Belser and
CyC IC VOItammetry was carried out on a Princeton Applled A. von Ze|ewskyl(:00rd. Chem. Re\ﬂ_988,84, 85.

Research model 283 potentiostat, using a quartz electrochemical cefls B, Kratochvil, E. Lorah and C. Garbémal. Chem.1969,41,
containing the Ag/AgNQ (0.1 mol/dnd) reference electrode in a 1793.



