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The oxidation products in acetonitrile of hexapyrrolylbenzene (HPyB) and hexakis(3-octylpyrrolyl)benzene
(HOPyB), two star-shaped compounds consisting of 64f6fayrrolyl-substituted benzenes, were characterized

by MALDI-TOF. These products result from intramolecular coupling of pyrrolyl residues without dimer or
polymer products. Transient electrochemical and flash photolysis experiments on HPyB indicate that this
intramolecular coupling occurs via a radical cation/substrate mechanism and not by a radical cation/radical
cation mechanism, as usually observed in intermolecular coupling that occurs during the polymerization of
pyrrole derivatives.

Introduction SCHEME 1 : Hexapyrrolylbenzene Chemical Oxidation

. . . . . . R ion
Organic conducting materials are now extensively investigated eactio

because of their potential in the design of a new generation of R

organic or hybrid mineratorganic computers:® The elec- R </—§

trooxidation of aromatic organic molecules leads to the growth b N @\

of organic conducting polyméror salf films on a metallic \ N@[N /"R FeCl0):9H;0

anode. The growth of such a material on the electrode in organic —_>

solvents generally proceeds through the coupling of two radical R\Cf ) NQ CH,CN

cations® This is a multistep process that involves the formation SJ \

of carbon-carbon bonds between the two radical cations and

then the release of two protons to rearomatize the dihydrodimer

dication, which thereby recovers electroneutrality. The inter-

mediate dication is a reactive species that can lead to the

formation of defects if the rearomatization reaction is not fast whether one reaction is favored: information on the reaction

enough’® type has direct implications concerning the structure of the
In the present work, the star-shaped compound hexapyrro-material. If the coupling is intermolecular, then the material

lyloenzene (HPyB), a 6-foldN-pyrrolyl-substituted benzene il be a polymer, whereas if it is intramolecular, the material

(Scheme 1), has been investigated by chemical, photochémical will be discotic. Disc-shaped materials such as hexabenzo-

(homogeneous), and electrochenfigdl(heterogeneous) oxida-  coronene and other polycyclic aromatic hydrocarbons (PAH)

tion in acetonitrile. The main difference between HPyB and and their supramolecular motifs are the object of intensive

other pyrrole derivatives is the proximity of pyrrolyl residues research4

that could have an effect on the nature of the material and the  Moreover, a fundamental issue arises: in HPyB, if intermo-

condensation mechanism. lecular coupling is involved, then a radical cation/radical cation
Veght! et al. reported that when HPyB is oxidized chemically mechanism is expected, as classically encountered in the

or electrochemically it leads to a polymeric material. In 1,4-  formation of conducting polymers based on pyrrole derivatives.

dipyrrolylbenzene, where the pyrrolyl residues are linked by a However, if intramolecular coupling occurs, then both mech-

rigid spacer, intermolecular coupling leads to a polyAfer.  anisms-radical cation/radical cation and radical cation/substrate

Nevertheless, when the link between two pyrrolyl residues can be expected. The question is, Which one?

is a flexible spacer, inter- and intramolecular coupling reac-

tions occurt® In HPyB, where the benzene is substituted by Experimental Section

several pyrrolyl groups, steric considerations suggest that both

coupling reactions are possible, and the question arises as t%

R

R = H: Hexapyrrolylbenzene R=H: HPyB6c
R = octyl: Hexaoctypyrrolylbenzene R = octyl: HOPyB6G

MALDI-TOF mass spectrometry was performed using a
erspective Biosystems Voyager Elite (Framingham, MA) time-
of-flight mass spectrometer equipped with a nitrogen laser (337
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jussieu.fr. nm), a delayed extraction, and a reflector. It was operated at an
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trode was a carbon disk (either a 1-mm- or a 3-mm-diameter 1,40V
disk electrode) polished with Zm diamond paste before use. ]
Electrochemical instrumentation consisted of a Tacussel GSTP4  6,0x10°
programmer and a home-built potentiostat equipped with a

positive feedback compensation deviéelhe data were ac-

quired with a 310 Nicolet oscilloscope. Under our experimental ~_ ox10*-
conditions (solvent, scan rates, concentrations, etc.), the error “g

due to the uncompensated resistance was lower than 1 mV. The 2
counterelectrode was a stainless steel grid, and the reference = 2 ox102
electrode was an aqueous saturated calomel electrode with a

salt bridge containing the supporting electrolyte. For large-scale
electrolysis (or electrodeposition), the potentiostat was an EG&G 00
PAR model 362 potentiostat/galvanostat, and the working
electrode was a 1-ctplatinum plate. Experiments were o5 o0 " o " AN " s
performed at room temperature (202°C). E(V)/ SCE ’

1H and*3C NMR spectra were recorded on a Bruker AC 200
(200 MHz) spectrometer in CDglChemical shifts [{l) are Figure 1. Cyclic voltammogram of 1¢* M HPyB and 0.1 M LiCIQ
given in ppm with respect to the solvert*d = 7.27,6%°C = in acetonitrile at 50 mV/s obtained on 3-mm-diameter glassy carbon
77.0). electrode.

Hexafluorobenzene (HFB) (Aldrich), pyrrole (Acros), GCI
and CHBg were freshly distilled; LiCIQ (Acros), Fe(CIQ)s:
9H,0 (Fluka), and CHCN (Merck, spectroscopic grade) were
used as received.

Hexapyrrolylbenzene (HPyB). HPyB (Scheme 1) was
prepared in 37% yield according to a previously described
procedure?® Hexafluorobenzene was reacted with the sodium
pyrrolyl salt. The product was purified by silica gel column
chromatography.

CsoH24Ne, M = 468.57; chemical analysis: C 76.7 (76.92);
H, 5.4 (5.13); N, 17.9 (17.94); MALDI-TOF mass spectrometry
(m/2): 468.57 (M'); 'H NMR (CDCly): 6 6.08 (12H), 6.18
(12H); 13C NMR (CDCk): ¢ 110.6, 120.8, 134.2.

Hexakis(3-octylpyrrolyl)benzene (HOPyB).HOPyB (Scheme
1) was prepared in 51% yield by the same procedure used for
HPyB. Hexafluorobenzene reacted with the sodium 3-octylpyr-
rolyl salt}7—1°

CreNsH120 M = 1140.96, chemical analysis: C, 82.0 (82.05); Figure 2. Cyclic voltammograms of film growth on a platinum
H, 10.7 (10.59); N, 7.4 (7.36); MALDI-TOF mass Spectiometry giocode (1 cih surtace) for 10M HPYB and 0.1 M LIGIG in
(M2): 1140.98 (M*); H NMR (CDCl): 6 0.89 (30H), 1.25  .cetonitrile.

(60H), 2.24 (12H), 5.84 (12H), 6.00 (6HYC NMR (CDCk):
0 14.2,22.7, 26.7, 29.2, 29.4, 29.6, 30.9, 32.0, 110.8, 117.8, performed on the powder using the four-points contact method
120.4, 126.4, 133.5. give 105 Q1 cm L) During the electropolymerization process,

For flash photolysis experiments, fresh solutions of HPYB 3 coloration of the solution is observed near the electrode
(107 M) in CHsCN containing 1% CkBr or CCL were  syrface, which indicates the formation of soluble oxidized
prepared. The irradiations were performed with a Questek Lasercompounds. The MALDI-TOF characterization of these soluble
2048 (106-130 mJ, 26-50 ns) using a XeCl mixtureA(= oxidized products shows the presence of doubly deprotonated
308 nm). The kinetic spectrophotometric detection system HpyB molecules (Figure 3wz = 466). This suggests that even
consisted of a 150-W xenon lamp, a 1.5-cm optical path length if the electropolymerization of HPyB occurs the main soluble
homemade irradiation cell, a Jobin-Yvon high-intensity mono- products at the electrode surface are the intramolecularly coupled
chromator, and a Hamamatsu photomultipieiThe signals and deprotonated HPyB molecules (Scheme 2).

werle d'g't'zed ;Vc';[h a Nicolet 450 digital oscilloscope and The successive reaction intermediates were produced by
analyzed on a Ft. chemical oxidation using 1 to 14 equiv of Fe(G)®per HPyB
(cyclization yield= 30% at 14 equiv Fe(Clg)s, calculated as
the ratio of the initial number of moles of HPyB to the number
Electrochemical and Chemical Oxidation of HPyB.The of moles of solid HPyB6 obtained after treatment with excess
cyclic voltammogram of a & M HPyB solution in acetonitrile 0.1 M KOH then water and drying at 100C). They were
(Figure 1) shows two irreversible waves indicating two irrevers- identified by MALDI-TOF mass spectrometry. Starting from
ible oxidation processes. During repeated voltammetric scans,the smallest amount of oxidant, we observe first HRyB1
the increase of a double reversible wave was observed (Figure(Figure 3,m/z = 466 and Scheme 2), the product obtained by
2), indicating the growth of a conducting and electroactive the coupling of two adjacent pyrrolyl residues on the same HPyB
material (peaks around 0.25 and 0.55 V in Figure 2 that are not molecule. Further additions of the oxidant increase the proton
visible on the first scan). Similarly, the homogeneous chemical loss by pairs. HPyB2 (Figure 3,m/z = 464) appears in the
oxidation of HPyB by Fe(Cl@)s in acetonitrile leads to a black  sample, indicating two coupling reactions between two adjacent
powder, which is also a conducting material. (Measurements pyrrolyl residues. The major part of the intermediates is detected

1,15V

1500

)

[

i(wA/cm

E(V)/ SCE
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468 that is quenched by an irreversible electron accetdihe
0 n \ decays of the several oligopyrrole radical cations were found
to follow a second-order rate la®¢ demonstrating that €C
bond formation occurs through the coupling of two radical
cations. We used a similar procedure to investigate the oxidation

464
2 AN A A ‘\ A\ of HPyB in organic solvents. When a 1OM HPyB acetonitrile

solution is irradiated at 308 nm in the presence of an irreversible
3 AA ’\, A A A electron acceptor (CHBr3 or CCl4), the species observed after
4 ﬂ ﬂ l the shortest delay possible (300 ns) absorbs at 400 nm (Figure

5). This absorption wavelength is similar to that for oligopyrrole

5 460 A derivatives (e.g., the bipyrrole radical cation is observed at-360

370 nm) when they are irradiated under the same condiffons.
6 458 However, this appears to be too high to correspond to the radical
cation of a simple pyrrole head, taking into account that
conjugation through a nitrogen atom is generally weak. This
result suggests that the coupling reaction has already taken place

7—/\-/\—/\4.A_M_»—/\_/\~A\»/LA____
8 A A \ h at our observation time and that the first radical cation produced

has a lifetime much lower than 300 ns. As for the coupling

10 ’\ ‘\ \ reaction, the question is, Does it involve the reaction of the
A first oxidation product with another neutral pyrrole moiety
12 h A (addition of a radical to a double bond) or intramolecular
coupling in a bis(radical cation)? Given that the concentration
14 h A of intermediates produced in flash photolysis experiments is in
- J _ - the range of 10° M, this observation time is too short for a
4s5 460 m/z 465 470 second-order reaction involving two radical cations to occur.

Even for a diffusion-limited reaction, the shortest possible
Figure 3. MALDI-TOF spectra of HPyB oxidation products obtained  lifetime for such second-order decay is in the range of some
using various amounts of Fe(Cff2. The ratio [Fe(CIQ)3]/[HPyB] is 10 s (i.e., several orders of magnitude greater than the
indicated on the spectra. observed limit  ~ 1/(10° x 10°6) = 104 s with kdiff ~
10'° M~1 s71 in acetonitrile)?? At this point, we should recall

up to HPyBw (Figure 3,m/z = 458 and Scheme 2) unless that the initial photochemical oxidation gave only a one-electron
HPyB3s is not detectednyz = 462). oxidation product. The production of a bis(radical cation) may

When the amount of oxidant is 6 equiv of Fe(G)©per 1 occur only through a disproportionation reaction between two
HPyB molecule, a black powder starts to precipitate. This radical cations, which is incompatible with the short experi-
powder is insoluble in all common solvents. In the MALDI-  mental time. In conclusion, we suggest that the observed signal
TOF spectra of the soluble products, the fully coupled molecule can be ascribed to the radical cation of an already-coupled
HPyB6o that corresponds to the loss of 12 protons is not pyrrole produced by the intramolecular coupling reaction (radical
observed even for large amounts of oxidant (Scheme 2). To addition to a double bond). Later, this intermediate slowly
explain this, two hypotheses were considered: (i) The intramo- decays with first-order kinetics (Figure 6, rate constant 2. s
lecularly coupled HPyB®& product is completely insoluble and  This reaction may be a slow deprotonation (or reaction with
cannot be observed by MALDI-TOF. (ii) HPyB6does not  impurities). The photooxidation of HPyB (in the presence of
form, and HPyB% oxidation produces a dimer and not the 10-1 M CHBr3) at pH 10 obtained by adding a nonnucleophilic
intramolecularly coupled molecule HPyB6To elucidate this base (diisopropylamine) does not change the decay constant
point and to improve the solubilities of the different inter- obtained previously in neutral acetonitrile. This result indicates
mediates, we investigated the oxidation of a similar molecule that the species observed by absorption measurements is not
where long alkyl side-chains are introduced: hexakis(3-oc- the acidic dication HPyB42t but the radical cation HPyRt+
tylpyrrolyl)benzene (HOPyB) (Scheme 2)The MALDI-TOF (Scheme 3§3.24
spectrum (Figure 4) of th&14 mol/mol products of hexakis- We conclude the following from this experiment:
(B-octylpyrrolyl)benzene oxidation by Fe(Cl@ shows the
presence of the fully intramolecularky,o’-pyrrolyl coupled
compound ifVz = 1129), which is present with all of the other
soluble intramolecularly coupled products. This indicates that dimerizati i di d bef
the coupling in this alkylated star-shaped compound proceeds |n1er|za lon reaction, as ,ISCUSS? e, ore. . .
through an intramolecular mechanism. By structural analogy, () The absen(;e of a radical cation disproportionation mech-
we can say that during the chemical and electrochemical @iSm (2 R" —R?" + R), which also could enhance the decay

oxidation of HPyB the reaction between pyrrolyl moieties is ©f the radical cation.

intramolecular. (iii) The existence of fast intramolecular coupling due to the
Evolution of the HPyB Oxidation Product. Flash Pho- proximity of the two pyrrole moieties.

tolysis. As stated in the Introduction, in the case of pyrrole Cyclic Voltammetry. The rapid cyclic voltammetry of HPyB

derivatives the electrochemical oxidation involves the coupling oxidation in acetonitrile does not attain electron-transfer re-

of two radical cations to produce a dihydrodimer dication. The versibility even at 1000 V3 on a glassy carbon microelectrode.

kinetic decay of this species has been studied in organic and inThis observation indicates that the chemical reaction that follows

aqueous media by flash photolysiand pulse radiolysi& the first electron transfer is so fast that it is complete in less

Photoinduced electron transfer produces oligopyrrole radical than our observation time (on the order of 48), in agreement

cations; the oligopyrrole is irradiated to give an excited state with the flash photolysis experiments. Comparing the first

(i) The absence of a radical cation coupling (or dispropor-
tionation) reaction that could enhance its decay. This result is
expected because we have demonstrated that there is no
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SCHEME 2 : Possible Pathways for the HPyB Oxidation Reaction.
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oxidation peak current with the one-electron reversible oxidation the electrochemical oxidation is an irreversible reaction, with
of ferrocene (used as an internal reference) shows that this firstthe electron transfer being the rate-determining step correspond-
process was multielectronic with 10.1 electrons, a value that ing to an anodic transfer coefficient, = 0.38 (assuming that
was uncorrected for the difference between the diffusion the Butler-Volmer law describes the electron-transfer kinet-

coefficients of the two redox couples. A rough correction

ics) 26 This kinetic situation impedes the direct observation of

assuming that the diffusion coefficients decrease with the cubic the chemical step following the electron transfer because the
root of the molecular weight gives a value of around 12 electrons shift of the peak potential depends only on the first electron
per mole of HPyB that is close to the expected value for the transfer (even if more than one electron is transferred). However,

oxidation of HPyB to HPyB6.25 Another interesting result can
be obtained from the variation of the peak potential with the
scan ratess

The peak potentidkyeacvaries linearly with the logarithm of
the scan ratey, with a slope of

8Epeak
dlog(v)

=79 mV

per decade of (Figure 7). This large gradient indicates that

electron-transfer reactions for pyrrole/pyrrole radical cation pairs
(pyrrole, substituted pyrroles, or oligopyrroles) were previously
found to be fast (standard heterogeneous electron-transfer rate,
ks, in the range of £2 cm s1),27 and it is likely that HPyB
presents a similaks value. In this case, the observed electro-
chemical behavior (irreversible voltammogram, highest value
of the slope) can be understood if electron transfer is followed
by a very fast chemical reactiéf.The theory of this kinetic
situation was drawn up at the beginning of the 19%08he
nature of the kinetic control of the process (by the chemical
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The inset represents the first-order fit.
Figure 4. MALDI-TOF spectrum for HOPyB products from chemical

oxidation by Fe(ClQ)s. 1 //;,
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/
400 nm pd
] Py
0,08 - w . //
Q 1,25 e
= e
b } yd
g 006 3 L s=79mV
c Q d 2
® w 1,20 e R =0,97
2 »
@ 0,04 -
a 1 pd
© S
154"
0,02 T T T T T T T T T
1,0 05 0,0 05 1,0
log(v(V/s))
0,00 —— T T T T T T T T T —— Figure 7. Cyclic voltammetry of 10° M HPyB and 10* M LiCIO4
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Figure 5. Flash photolysis of HPyB (16 M) in acetonitrile solution SCHEME 3 : First Intramolecular Coupling Reaction of
containing 101 M CHBrs monitored 5us after the laser pulse, showing  HPYB Involving the Radical Cation/Substrate Mechanism
the differential absorption spectra of the species produced.

step or the electron transfer) depends on a single kinetic ([~ Y [
parameter @ Q G @ C\
(aaFU)(aal)IZan CI Q e O
p:

ksl/(la k—1/2 D—1/2ua

RT
HPyB HPyB'+ HPyBlG
D is the diffusion coefficientks is the standard heterogeneous vel.e
rate constant, anklis the rate constant of the chemical reaction
that is considered to be first order. For kinetic behavior / \

corresponding to rate-determining electron trangfeshould

be less than %8 which leads roughly to the condition thit C‘ 1 //
should be greater than 1051 (taking values foks, D, andv
of 1 cm s%, 105 cn? s7%, and 0.11 V s°¢, respectively). Q +e Q S C‘ Q

Another point is that ther, coefficient is much less than 0.5.

In the framework of Marcus theo#f;29 this indicates that the

oxidation peak potential is much more negative than the standard HPyB(-2H)1c "
potential of the couple involved in the electrochemical process.

Such a situation is classically encountered when the chemicalinvestigations, suffice it to say that the chemical reaction
reaction is concerted with the electron transfeHowever, a following the electron transfer is very fast, in agreement with
clear-cut answer to this question would require a knowledge of the conclusions from the flash photolysis and electrochemical
the standard potenti&® for the oxidation of HPyB to the radical ~ experiments. Thus, we conclude that the formation of the
cation before and after couplif§.For the purpose of our  product occurs through fast intramolecular coupling. (This

HPyBlG HPyBl
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coupling reaction may be concerted with the electron transfer.) photolysis apparatus, Dr. Jean-Claude Blais (Laboratoire de
As far as HPyB is concerned, the radical cation produced by Chimie Structurale Organique et Biologique, Universiaris
flash photolysis does not react with another radical cation either 6) for MALDI-TOF measurements, and Dr. John S. Lomas
by coupling or by disproportionation. Transient cyclic voltam- (ITODYS, UniversiteParis 7) for fruitful discussions.

metry indicates that a rapid chemical reaction (EC mechanism)

occurs just after the heterogeneous electron transfer, and thisReferences and Notes

occurs even after the homogengous electron trgnsfer in flash (1) () Aviram, A.J. Am Chem Soc 198§ 110, 5687. (b) Meijer, E.
photolysis. Moreover, the chemical steps following the@© W.; Schenning, A. P. H. Nature 2002 419, 353.

bond formation have been investigated by chronoamperometry  (2) Joachim, C.; Gimzewski, J. K.; Aviram, Alature200Q 408 541.

of 102 M HPyB in acetonitrile (in the presence of 0.1 M Marl((’o;) Eriﬁlﬂ.dgi-a l:i-; Cc-iyrggd I(F:- VI\DI-;DHfél:nj%sésA-S:ﬁ;toBsugoigpgé JJ- H.;
L|CIQ4}) at a low potentlgl vglue (0.7 V/SCE). Under S|mlla( L.: Logdlund. M.; Salaneck, W.yFNe{tur'eléga 397 121,
conditions, the electrooxidation of pyrrole leads to short-chain (4) Letheby, H.J. Chem Soc 1862 15, 161.

oligomers, and the formation of long chains is hindered by the (5) Bechgaard, K.; Parker, V. D. Am Chem Soc 1972 94, 4749.
generation of defec.We observed the formation of an (6) (a) Andrieux, C. P.; Audebert, P.; Hapiot, P.; Save J. M.J.

h s T . . Phys Chem 1991, 95, 10158. (b) Audebert, P.; Hapiot, Bynth Met 1995
insoluble organic film. This indicates that the coupling reaction 75, 95. (c) Asavapiriyanont, S.. Chandler, G. K.; Gunawardena, G. A.;

proceeds up to the formation of solid HPyB@cheme 2) even  Ppletcher, D.J. Electroanal Chem 1984 177, 229. (d) Waltman, R. J.;

at this low potential. Bargon, JTetrahedronl984 40, 3963. (e) Genies, E. M.; Bidan, G.; Diaz,
: . A.F.J. Electroanal Chem 1983 149 101. (f) Inoue, T.; Yamase, Bull.
From a_II of these _results, we can describe the overall reaction Chem Soc Jpn 1983 56, 985. (g) Andrieux. C. P. Audebert, P.: Hapiot,
of formation of the insoluble product as follows: P.: Savant, J. M.J. Am Chem Soc 199Q 112, 2439.
(i) After the first one-electron transfer (HPyB Scheme 3), (7) Roncali, JChem Rev. 1992 92, 711.
the very fast formation of mono-oxidized HPy&t (Scheme (8) (a) Zhou, M.; Heinze, JJ. Phys Chem B 1999 103 8443. (b)

. . . . Zhou, M.; Heinze, JJ. Phys Chem B 1999 103 8451.
3) occurs by intramolecular coupling between a radical cation ™ q)" 2y wintgens, V.; Valat, P.: Garnier, B. Phys Chem 1994 98

of a pyrrolyl residue and a neutral pyrrolyl residue located at 228. (b) Guyard, L.; Hapiot, P.; Neta, ®.Phys Chem B 1997, 101, 5698.
an adjacent position on the benzene ring (very fast chemical (¢) Hapiot, P.; Lagrost, C.; Aeiyach, S.; Jouini, M.; Lacroix, JJCPhys
reaction following electron transfer) Chem B 2002 106, 3622.

. - Co . (10) (a) Zotti, G.; Martina, S.; Wegner, G.; Sctéy A.-D. Adv. Mater.

(if) The mono-oxidized HPyB4'* that is produced is a new 1992 4, 798. (b) Tschuncky, P.; Heinze, J.; Smie, A.; Engelmann, G.;
radical cation species that seems to be stable and to decreasgossmehl, GJ. Electroanal Chem 1997, 433 223.

i i i 11) Vegh, D.; Hrnciarikova, K.; Zalupsky, P.; Skakalova, V.; Fedorko,

very slowly in f"f"s.h phOtOIyS.IS (where only one electron IS. P.;(Cilz, G.Zgznd Conference on Azdncesf)noyrganic Chemistriviay 11—
trar}sferre_d), but it is too reactive to be re.duced anq detecteq iN13 1997, Papiernicka, Slovak Republic.
rapid cyclic voltammetry. In electrochemical experiments, this ~ (12) Just, P. E.; Chane-Ching, K. I.; Lacroix, J. C.; Lacaze, PJ.C.
species loses another electron (HPy8Y) and two protons to Electroanal Chem 1999 479 3.

i yR( (13) Chane-Ching, K. I.; Lacroix, J. C.; Baudry, R.; Jouini, M.; Aeiyach,
rea.romatlze and tQ leaq t.o the neutral HPyHEcheme 3), S.; Lion, C.; Lacaze, P. Cl. Electroanal Chem 1998 453, 139.
which is more easily oxidized than the neutral parent HPyB. (14) (a) Mllen, K.: Geerts, Y. Brand, J. DAdy. Mater, 1998 10, 36.

(iii) Despite the delocalization of the charge of the radical (b) Zander, M.; Collin, GFuel 1993 72, 1281. (c) Schmidt-Mende, L.;
cation produced by the oxidation of HPy&lthis Compound FechtenKtter, A.; Mullen, K.; Moons, E.; Friend, R. H.; MacKenzie, J. D.

. . Science2001, 293 1119. (d) Wang, S.; Yata, S.; Nagano, J.; Okano, Y.;
reacts to give HPyB2 because the subsequent chemical Kinoshita, H.; Kikuta, H.; Yamabe, T. ElectrochemSoc 200Q 147, 2498.

reactions remain fast because of the vicinity of the substrate (15) Garreau, D.; Sdwat, J. M.J. Electroanal Chem 1972 35, 309.
that belongs to the same molecule. (16) Biemans, H. A. M.; Zhang, C.; Smith, P.; Kooijman, H.; Smeets,

; ; _W. J. J.; Spek, A. L.; Meijer, E. WJ. Org. Chem 1996 61, 9012.

.(IV) .The reaction undergpes th.e same processgs (mono (17) Ho-Hoang, A.; Fache, F.; Lemaire, I8ynth Commun 1996 26,
oxidation followed by fast radical cation/substrate reaction) more 1395
and more easily up to the formation of solid HPyB6 (18) Bryce, M. R.; Chissel, A. D.; Smith, N. R. M.; Parker, Bynth
Met 1988 26, 153.

(19) Sonnet, P. EJ. Org. Chem 1972 37, 925.

(20) Guyard, L.; Hapiot, P.; Jouini, M.; Lacroix, J. C.; Lagrost, C.; Neta,
The star-shaped compound HPyB undergoes an irreversibleP-J: Phys Chem A 1999 103 4009.

first elect t fer i idati lectrochemical and phot (21) The enhancement of solubility is well illustrated with hexakis(4-
irst electron transfer in oxidation (electrochemical and photo- .y ishenyljbenzene (alkylated hexabenzocoronene), which is more soluble

chemical) followed by a fast chemical reaction (EC mechanism). than hexabenzocoronene. See Herwig, P.; Kayser, C. W.; Mullen, C.; Spiess,
This EC mechanism is a radical cation/substrate type. After H. W. Adv. Mater. 1996 8, 510.

st ; ; ; 22) (a) The average value for the diffusion-limited rate constant in
photooxidation, a radical cation species that has a very long acém%iéik)a is around I%M s-1.225¢(b) Rehm, D.; Welle, Alsr. J. Chem

lifetime and does not undergo any change in its basic medium 197q g, 259. (c) Andrieux, C. P.; Blocman, C.; Dumas-Bouchiat, J. M.;
is formed, indicating that no dimerization or deprotonation MHalla, F.; Savant, J. M.J. Am Chem Soc 198Q 102, 3806.
reaction occurs consecutively with the fast intramolecular  (23) For aromatic compounds such as pyrrole derivatives, the decay

. . . - . . constant increases when the pH is increased, indicating rapid deprotonation
coupling reaction. This species, HPyi1, is an intramolecu- of the product obtained from the condensation of the two radical cations

larly coupled radical cation. The major HPyB oxidation when second-order coupling reactions occur. (See ref 24.)
intermediates have been characterized as products obtained b)é h(24) (a) Diaz, A. Fé: Ka(g«';\zawa, Kd K,; Garcliini,hG. H’..Clhem Soci

; ; i i _Chem Commun1979 635. Downard, A. J.; Pletcher, D.Electroanal
successive intramolecular coupling reactions petween the pyr Chem 1986 206 139. (0) Zotti, G.: Schiavon, G.: Berlin, A.: Pagani, G.
rolyl residues of the same monomer. The all-intramolecularly Ejectrochim Acta 1989 34, 881. (d) Beck, F.; Oberst, M.; Jansen. R.
coupled HPyB6 compound is completely insoluble and has Electrochim Acta 1990 35, 1841. (e) Qian, R.; Pei, Q.; Huang, Z.

been characterized by analogy with the oxidation product of a ’\E"lz'gfo";?]';g%fg 591%2%93?5%2?% (f%gﬁaggﬂva):gr‘dDA EJ H&glg?;?ér& 6]1-

more soluble derivative, HOPYB. Electroanal Chem 1986 206, 147. (h) Visy, C.; Lukkari, J.; Kankare, J.

Synth Met 1994 66, 61. (i) Schlesener, C. J.; Amatore, C.; Kochi, JJK.
Acknowledgment. This work was supported by a fellowship ~Am Chem Soc 1984 106, 7472.

for M.L. from the Ministee de I'Education et de la Recherche _ (25) The oxidation of HPyB to HpyB6requires the exchange of 12

. . | electrons and the loss of 12 protons per molecule. The total expected charge
(France). We thank Dr. Claude Andrieux (Laboratoire d’Electro- gnouid be slightly higher because HPyBghould finally be in the oxidized

chimie Moleculaire, UniversiteParis 7) for the use of the flash ~ form at the oxidation potential of HPyB.

Conclusions



5048 J. Phys. Chem. A, Vol. 107, No. 25, 2003

(26) Bard, A. J.; Faulkner, L. FElectrochemical MethodsFundamental
and Applications2nd ed.; Wiley & Sons: New York, 2001.

(27) See, for example, the voltammograms in ref 6g.

(28) Nadjo, L.; Savant, J. M.J. Electroanal Chem 1973 48, 113.

Lazerges et al.

(29) (a) Marcus, R. AJ. Chem Phys 1956 24, 966. (b) Marcus, R. A.
Electrochim Acta 1968 13, 995.

(30) Savant, J. M.AAdvances in Electron-Transfer Chemistiiariano,
P. S., Ed.; JAI Press: New York, 1994; Vol. 4, p 53.



