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ABSTRACT: Fluorescent bispyrroles 6—9 consisting of different aromatic bridging moieties were prepared
and characterized. Detailed studies on the electropolymerization, cyclic voltammetry, and spectroelec-
trochemistry are reported. The electronic character of the bridging moieties and the solubility inducing
hydrocarbon side chains play crucial roles in controlling the growth of the polymer film on the electrode
surface. The bispyrroles with divinylbenzene and divinylnaphthalene bridging groups react under film
formation while the corresponding divinylanthracene-bridged bispyrrole show reversible formation of
the dication 92" exhibiting a “two-electron—one-wave” feature. Presence of alkoxy substituents on the
divinylbenzene moiety is shown to have adverse effect on the electropolymerization. The role of the bridging
moieties in controlling the film growth on the electrode surface is rationalized on the basis of the orbital
coefficients at the C*-positions of the pyrrole moieties, which in turn are determined by the electronic

nature of the conjugation bridge.

Introduction

Conjugated organic materials are finding widespread
application in the emerging area of electrooptical and
photonic materials.® In this context, synthesis of z-con-
jugated oligomers and polymers are of special interest
since they are amenable to structural modification and
processing.? A crucial aspect of the designing of such
materials is the tuning of their optical and electronic
properties, which are usually achieved by the careful
choice of monomers.® For example, incorporation of
electron-donating or -withdrawing substituents can
have an influence upon the energy levels of the highest
occupied and the lowest unoccupied molecular orbitals
of conjugated monomers, polymerization of which allows
the modulation of electrical conductivity, light-emitting
properties, and nonlinear optical (NLO) behavior.

Electropolymerization of heterocyclic monomers is an
area of considerable importance due to the diverse
applications of redox-active conducting polymers as
electrochromic materials and as supercapacitors.*® In
this context, electropolymerization of pyrrole has been
the subject of several studies.® When compared to many
other conjugated polymers, polypyrrole exhibits high
redox stability, high conductivity, and better electro-
chromic properties. Reports pertaining to the electropo-
lymerization of oligopyrroles of different conjugation
lengths are also available in the literature.” Apart from
these studies, there are several reports devoted to the
electropolymerization of structurally modified pyrrole
derivatives.®~13 For example, incorporation of electron-
rich and electron-deficient conjugated bridging units are
known to alter the electrochemical properties of bispyr-
roles.8° Electropolymerization of such monomers to form
redox-active conducting polymers is highly dependent
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upon the monomer’s oxidation potential. Extension of
conjugation in bispyrroles by means of aromatic and
conjugated bridging units can induce significant reduc-
tion of the oxidation potentials. With such low oxidation
potentials, the polymer will be quite stable as a conduc-
tor and can be subjected to a large number of redox
cycles with minimal degradation in charge response.®

Recently we have reported the synthesis of 1,4-
dialkoxydivinylbenzene-bridged bispyrroles, which show
high fluorescence emission.* These monomers are ideal
building blocks for the designing of a variety of conju-
gated oligomers and polymers as depicted in Figure 1.
For example, recently we have demonstrated the use
of a few of these electron rich bispyrroles for the
synthesis of near-infrared absorbing polysquaraines
having extremely low optical band gaps.!®> Herein we
report the synthesis, electropolymerization, redox prop-
erties, and spectroelectrochemistry of a few fluorescent
bispyrroles, 6—9 (Chart 1), which show distinctly dif-
ferent behaviors on an electrode surface upon potential
cycling.

Results and Discussion

Synthesis and Spectroscopic Properties of the
Monomers. The bispyrroles 6—9 were prepared accord-
ing to Scheme 1. The bis(bromomethylaryl) derivatives
used in the present study were obtained by standard
procedures. The Michaelis Arbuzov reaction?® of the bis-
(bromomethyl) derivatives provided the respective bis-
phosphonate esters 1—4 in high yields. Wittig—Horner—
Emmons olefination” of 1—4 with N-alkylpyrrole-2-
carboxaldehydes gave the corresponding bispyrroles in
52—73% yields. The all trans vinylic double bonds of
6—9 were confirmed by 'H NMR spectral data (J = 16
Hz). 13C NMR spectra and the HRMS data were in
agreement with their structures. The optical and elec-
trochemical data of 6—9 are shown in Table 1. These
compounds showed intense absorption and fluorescence
emission maxima corresponding to the 7—x* transition.
The time-resolved fluorescence lifetime measurements
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Figure 1. Conjugated bispyrroles as building blocks for novel z-conjugated polymers.
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Table 1. Optical and Electrochemical Data of Bispyrroles
6—9

compound  Amax (NM)2  Aem (NM)® DL 75 (ns)d  Ep (V)°

6 398 443,471 0.32 1.06 0.37,0.67
7 414 472 0.40 1.26 0.09, 0.60
8 375 490 0.35 2.74  0.09,0.25
9 432 561 —0.15

a Absorption maxima £ 2 nm in toluene. ® Emission maxima +
2 nm in toluene. ¢ Fluorescence quantum yields in toluene deter-
mined using quinine sulfate as standard. 9 Excited-state lifetime
in toluene £0.1 ns. ¢ Peak potentials referenced vs Fc*/Fc.

showed a single-exponential decay with lifetimes vary-
ing from 1.06 to 2.74 ns. The quantum yields of
fluorescence (®f) were between 0.32 and 0.4 in toluene.
These findings account for a relatively planar and rigid
geometry of the monomers.

Electrochemical and Spectroelectrochemical In-
vestigation. The cyclic voltammogram (CV) of the
bispyrrole 6 in dichloromethane using tetrabutylam-
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Figure 2. Multisweep CV of the bispyrrole 6 (scan rate, 100
mV/s; asterix denotes the first scan; dashed arrows give scan
direction). Inset: CV of the film poly-6 (scan rate: 25 mV/s).

monium hexafluorophosphate as supporting electrolyte
showed two irreversible peaks at relatively low oxida-
tion potentials when compared to that of pyrrole. For
example, pyrrole has an oxidation potential of 0.9 V vs
Fct/Fc whereas the bispyrrole 6 showed a lower oxida-
tion potential of 0.37 and 0.67 V vs Fc*/Fc. Upon
repeated cycling of the potential, an increase in anodic
and cathodic currents could be seen, which indicates the
growth of a polymer film on the electrode surface (Figure
2). Itis important to note that both oxidation processes
have to be included in the potential cycling to obtain
the polymer film. Neglecting the second oxidation
presumably leads to the formation of dimers that do not
deposit on the electrode. In other words, polymerization
and film deposition occur only if the dimers (or oligo-
mers) are further oxidized under the electrochemical
conditions.

The electroactivity of the electrodeposited polymer
film was analyzed by the scan rate dependence of its
CV. For this purpose, the working electrode was re-
moved from the electropolymerization mixture and the
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Figure 3. Scan rate dependency of the CV of poly-6. Inset:
plot of scan speed vs anodic current for poly-6.
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Figure 4. Spectroelectrochemical analysis of poly-6: spectra

recorded at 0.00, 0.30, 0.35, 0.40, 0.45, 0.50, 0.55, 0.60, and

0.65 V vs Ag/AgCI pseudoreference. Inset: UV/vis/NIR spec-

trum of the undoped polymer.

polymer deposited electrode was thoroughly washed
with dichloromethane and subsequently placed in a
monomer-free electrolyte solution and its CV was re-
corded at various scan rates. A typical CV of the
electrode-supported polymer film (poly-6) is shown in
the inset of Figure 2. Electrochemical inactivity in the
cathodic potential range is an indication that the
reduction wave during polymerization is—at least in
part—due to proton elimination. For a given scan rate,
no change in current was detectable even after repeated
scanning, indicating the reversibility of the redox pro-
cesses. A plot of the anodic peak currents against the
scan rates showed a linear relationship indicating that
the electroactive sites are surface-bound to the platinum
working electrode and that the oxidation and reduction
processes are not diffusion limited (Figure 3, inset).
The change in absorption upon p-doping of the
electrode-supported poly-6 was illustrated by its spec-
troelectrochemical investigation in a monomer-free
electrolyte solution. The polymer film was first subjected
to electrochemical reduction to obtain a neutral polymer.
Subsequently, the potential was increased in a stepwise
manner and the UV—vis—NIR spectrum was recorded
at each potential after equilibration (Figure 4). The
differential absorption spectrum of the oxidized film
showed the growth of a broad band with two absorption
maxima around 600 (2.1 eV) and 900 nm (1.4 eV)
indicating the formation of polarons.'® The latter ab-
sorption is expected to be a valence band to the anti-
bonding cation level transition, and the higher energy
band results from the bonding to the antibonding cation
level transition.’® The reversible nature of the redox-
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Figure 5. Multisweep CV of the bispyrrole 7 (scan rate, 500

mV/s; asterix denotes first scan, dashed arrows give scan
direction). Inset: CV of the film poly-7 (scan rate: 25 mV/s).

doping process was confirmed by restoration of the
initial spectrum of the neutral film upon reduction. At
higher oxidation potentials, overoxidation occurs which
leads to degradation of the film. Thus, the question of
a bipolaronic state of the polymer film remains un-
settled. The multiple redox switching stability of poly-6
was investigated by exposing the polymer film deposited
by potential scanning on a platinum electrode, to
repeated doping/dedoping processes involving about 90%
of the maximum charge. For up to 2000 cycles the loss
in charge was less than 5%. The excellent long-term
redox switching stability of the film is an indication of
its potential application in practical devices.

To study the effect of electron donating alkoxy groups
on the divinylbenzene bridge, a bispyrrole 7 was pre-
pared and subjected to multisweep cyclic voltammetry.
Compound 7 in CH,Cl;, showed two irreversible oxida-
tion peaks, which are lower in potential than those of
6. The multisweep CV for the electropolymerization of
7 in CH.Cl; is shown in Figure 5. Even under a high
scan rate (500 mV/s) poor film formation was noticed.
The retarded growth of the polymer film can be ex-
plained by the formation of highly soluble oligomers and
their diffusion into the bulk solution before deposition
at the electrode surface.?° The CV of the electrodeposited
polymer film in monomer-free solution is shown in the
inset of Figure 5. No considerable change in the peak
current could be seen even after repeated potential
scanning thereby indicating a chemically reversible
redox process. The scan rate dependence of the CV of
poly-7 is shown in Figure 6. In contrast to poly-6, the
plot of the anodic peak current against the scan speed
was not linear for scan speeds higher than 70 mV/s,
which is a hint for suppression of diffusion of the
supporting electrolyte through the polymer layer on the
electrode surface.?! The spectroelectrochemical analysis
of poly-7 in a monomer-free electrolyte solution showed
a growth of a broad absorption band with two maxima
at 600 (2.1 eV) and 1000 nm (1.2 eV) presumably due
to polaron formation (Figure 7). It is interesting to note
that the presence of the alkoxy groups in poly-7 induce
a bathochromic shift of nearly 100 nm to the long
wavelength absorbing polaron band with enhanced
intensity when compared to that of poly-6.

To investigate on the effect of different aryldivinyl-
bridging moieties, bispyrroles 8 and 9 containing divi-
nylnaphthalene and divinylanthracene moieties, respec-
tively, were synthesized and their electrochemical
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Figure 6. Scan rate dependency of the CV of poly-7. Inset:
plot of scan speed vs anodic current for poly-7.
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Figure 7. Spectroelectrochemical analysis of poly-7: spectra
recorded at 0.00, 0.40, 0.45, 0.50, 0.55, 0.60, 0.65, and 0.70 V
vs Ag/AgCI pseudoreference. Inset: UV/vis/NIR spectrum of
the undoped polymer.
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Figure 8. Multisweep CV of the bispyrrole 8 (scan rate, 250
mV/s; asterix denotes first scan, dashed arrows give scan
direction). Inset: CV of the film poly-8 (scan rate: 25 mV/s).

analyses were performed. Compound 8 showed two
irreversible oxidation potentials at 0.09 and 0.25 V (vs
Fc*/Fc), which is lower than those of compounds 6 and
7. The multisweep CV of 8 showed a growth of a polymer
film on the electrode surface, at a scan rate of 250 mV/s
(Figure 8). This observation reveals that the presence
of alkoxy groups on the naphthalene ring has less
influence on the retardation of the polymer growth when
compared to that of the monomer 6. The electrode-
supported poly-8 was relatively easier to oxidize when
compared to poly-6 and poly-7. Negligible decrease of
the peak current after multiple charging/discharching
accounts for the chemical stability of the polymer film.
The CV of poly-8 at different scan speed showed a linear
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Figure 9. Scan rate dependency of the CV of poly-8. Inset
shows the plot of scan speed vs anodic current for poly-8.
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Figure 10. Spectroelectrochemical analysis of poly-8: spectra
recorded at —0.10, 0.00, 0.05, 0.10, 0.15, 0.20, and 0.25 V vs
Ag/AgCI pseudoreference. Inset: UV/vis/NIR spectrum of the
undoped polymer.
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Figure 11. Spectroelectrochemical analysis of the bispyrrole

9: spectra recorded at 0.00, 0.05, 0.1, 0.15, 0.20, and 0.25 V

vs Ag/AgCI pseudoreference. Inset: CV of 9 (scan rate: 250

mV/s).

scan rate dependency against anodic current as in the
case of poly-6, indicating the electroactivity of the
polymer film (Figure 9). The spectroelectrochemical
analysis of poly-8 under different applied potential
showed two clearly separated absorption maxima around
600 (2.1 eV) and 1000 nm (1.2 eV) as in the case of poly-7
(Figure 10).

The CV of anthracene-bridged bispyrrole 9 differs
significantly from pyrroles 6—8 (Figure 11, inset). When
referenced against a weighed amount of ferrocene, the
wave at —150 mV vs Fct/Fc accounts for a two-electron
transfer, thus forming the dication in an one-step
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Figure 12. HOMO diagrams of 627—92", The long hydrocarbon chains are replaced with methyl groups for simplicity.

process. Spectroelectrochemical analysis of 9 (Figure 11)
has analogous features as the one reported for bis(vinyl-
10H-phenothiazine) although its dication displays a
long-wavelength absorption band at 1015 nm.22 Upon
oxidation, absorption of the neutral system at 251, 268,
310, and 410 nm were decreased, while new bands at
350, 370, 451, 577, and 750 (shoulder) nm appeared.
Isosbestic points at 333, 394, and 420 nm account for a
uniform process, which is completely reversible since
the initial spectrum of the neutral species is restored
after back reduction.

Compounds 6—9 constitute a class of compounds

Structure 10

of the donor—bridge—donor type,?® which are easily
oxidized to radical cation and dication states. To ratio-
nalize the observed electrochemical behavior of the
bispyrroles 6—9, molecular properties of the doubly
charged systems were calculated using semiempirical
methods at AM1 level.2* Long hydrocarbon side chains
of 6—9 were replaced by methyl groups for simplicity.
For all monomers in the dication state, the UHF
(unrestricted Hartree—Fock) enthalpies of formation
were lower in energy compared to the RHF (restricted
Hartree—Fock), indicating the diradical character of the

dications. The nearly equal charge distributions of the
pyrrole moieties indicate no correlation with the pro-
pensity of film formation. In contrast, the HOMOs of
62t—92* (Figure 12) reveal considerable difference in the
orbital coefficients at the C%-positions of the pyrrole
moieties.?> The role of orbital coefficients at the C%-
positions of the pyrrole moieties in controlling the
polypyrrole film formation is in accordance with the
frontier molecular orbital model, that was already
reported by Lacroix et al.?6 For the monomers 6 and 8,
the orbital coefficients at the o-positions of the pyrrole
moieties are larger than those of 7 and 9. Hence, the
electropolymerization of these monomers is more ef-
ficient as shown by the multisweep cyclic voltammo-
grams. On the other hand, in the case of monomer 7,
the orbital coefficient is comparatively low, and hence,
the electrodeposition of the polymer film proceeds
slowly. In contrast, monomer 9 has the lowest orbital
coefficient and showed no tendency for polymerization.
We must emphasize here that semiempirical calcula-
tions at the UHF-AM1 level allow only a qualitative
estimation of the frontier orbitals. Nevertheless, the
experimentally observed electropolymerization behavior
of the monomers 6—9 could be reasonably explained by
the semiempirical calculations performed at the AM1
level.

On the basis of experimental observations, a reason-
able mechanism for the electropolymerization is sug-
gested in Scheme 2, which is analogous to the mecha-
nisms suggested earlier for other pyrrole-based mono-
mers.2” Upon oxidation of the monomers to their radical
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Scheme 2

dications, oligomerization occurs depending on the
orbital coefficients at the C*-atoms. Subsequently, depo-
sition of the film at the electrode surface occurs, which
depends on the alkoxy chain lengths and the adjunctive
diffusion properties. Finally, elimination of protons as
can be seen from the reduction peak in the cyclic
voltammograms, leads to the conjugated polypyrroles
on the electrode. High solubility of the oligomers dis-
courages the deposition process at a given scan speed.
We have attempted the electropolymerization of a
variety of monomers containing hydrocarbon side chains
of varying length, all of which showed strong tendency
for retarded polymerization (data not shown). In con-
trast to some of the earlier reports on the electrodepo-
sition of pyrroles, addition of small amounts of water
does not facilitate film formation in the present cases.?®

Our findings reiterate that there exists a relationship
between the stability of the radical cations and dications
of the bispyrrole derivatives toward their electropoly-
merization. The electronic structure of the bridging
group plays an important role in this respect. In the case
of anthracene derivative 9, the bridging group is the one
that accommodates the least aromatic stabilization
(resonance energy of anthracene is 0.11 eV as compared
t0 0.15 eV of benzene??). Therefore, the donor groups in
9 experience the strongest coupling, thus increasing the
donor strength as indicated by the lowest oxidation
potential Ey», which in turn is in agreement with a high-
lying occupied molecular orbital (HOMO). From these
considerations, the electronic structure of the dication
of 9 can be represented by a quinonemethide structure
10. The immediate formation of the dication in a one-
wave—two-electron cyclic voltammogram is explained
by an inversion of the oxidation potentials of the first
and the second step. This merging-wave behavior can
be explained by the inhibition of the electrode kinetics
of the first step due to reorganization occurring upon
radical cation formation.3® This step has to overcome
the anthracene aromatic stabilization and the reorga-
nization energy resulting from planarization. The sec-

ond step thereafter experiences a potential E2 (921/91),
which is less positive than E¥2 (91/9).

Conclusions

Distinctly different behaviors could be observed on the
electrochemical properties of the bispyrroles 6—9 upon
potential cycling. The electronic nature of the conjuga-
tion bridge and the alkoxy side chains play a significant
role in controlling the growth of the polymer film on the
electrode surface. While the bispyrroles with divinyl-
benzene and divinylnaphthalene bridges showed elec-
tropolymerization, the divinylanthracene-bridged bispyr-
role failed to polymerize on the electrode surface.
Presence of the alkoxy groups on the benzene ring has
an adverse effect on the film formation. The observed
electrochemical behavior of the bispyrroles 6—9 is
rationalized on the basis of the electronic effects of the
aryl bridging units, which was supported by the molec-
ular orbital calculations. The retarded electrochemical
deposition of 7 is also rationalized in terms of the higher
solubility of the intermediate oligomers formed during
the potential cycling. In conclusion, we have demon-
strated that the electrochemical growth of a conjugated-
bispyrrole-based polymer film on an electrode surface
can be controlled to a large extent by the logical selection
of the aryl bridging moiety and the solubility inducing
alkoxy side chains.

Experimental Section

All melting points are uncorrected and were determined
using a Mel-Tem-I1 melting point apparatus. The 'H and 3C
NMR spectra were recorded on a 300 MHz Bruker Avance DPX
spectrometer using CDClI; as solvent and tetramethylsilane
as internal standard. The UV—vis—NIR spectra were recorded
on a Shimadzu UV-3101 PC NIR scanning spectrophotometer.
The emission spectra were measured on a Spex-Fluorolog
F112X spectrofluorimeter. Fluorescence lifetimes were mea-
sured on an Edinburgh Instrument FL900CD single photon
counting system. Fluorescence quantum yields were deter-
mined in toluene using quinine sulfate as standard. Cyclic
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voltammetry was performed in a conventional undivided
electrochemical cell with a three electrode arrangement using
a computer controlled Amel 5000 or EG&G 283 system. For
monomer 9, the number of transferred electrons was deter-
mined by referencing against a known amount of added
ferrocene and subsequent comparison of the areas of the cyclic
voltammograms. Cyclic voltammograms of the polymer films
were obtained, after thorough rinsing of the coated film with
solvent and placing into a second electrochemical cell contain-
ing identical solvent and supporting electrolyte concentration,
in the absence of any monomer. The UV/vis/NIR spectroelec-
trochemistry setup is described elsewhere.3! Molecular orbital
calculations were performed with WinMOPAC 2.0, Fujitsu
Limited 1997—1998. All polymerizations were conducted under
inert atmosphere (N2) in CH.Cl, and tetrabutylammonium
hexafluorophosphate as supporting electrolyte (0.1 M) with a
monomer concentration ranging from 10~* to 10~% mol L2,
Potentials are referenced against ferrocenium/ferrocene redox
couple. Overoxidation was avoided in all electropolymerization
experiments to minimize irregular film formation due to cross-
linking.

The bisphosphonate esters 1—4 were prepared by the
reaction of the corresponding bisbromomethyl derivatives with
triethyl phosphite by Michaelis-Arbuzov reaction.® The Wit-
tig—Horner—Emmons?!’ olefination reaction of the bisphos-
phonate esters 1—4 with N-dodecylpyrrole-2-carboxaldehyde
provided the corresponding bispyrroles 6—9 in 58—73% yields,
respectively.

General Procedure for the Preparation of Phospho-
nates (1—4). Compounds 1—4 were prepared by the reaction
of the corresponding bisbromomethyl derivatives (10 mmol)
with triethyl phosphite (5 mL) at 80 °C for 10 h followed by
the removal of the unreacted triethyl phosphite under reduced
pressure.

Tetraethyl[1,4-phenylenebis(methylene)]bisphos-
phonate (1). Yield: 95%. *H NMR (CDCl3): 6 7.4 (s, 4H), 3.9—
4.4 (m, 8H), 3.3 (d, J = 21.53 Hz, 4H), 1.3—1.5 (t, J = 7.2 Hz,
12H). BC NMR (CDCls): 6 129.9, 129.5, 61.75, 36.0, 29.8,
15.95.

Tetraethyl[2,5-bis(butoxy)-1,4-phenylenebis(methyl-
ene)]bisphosphonate (2). Yield: 90%. IR (neat): vmax 2969,
2880, 1515, 1397, 1217, 1027, 967, 832 cm™t 'H NMR
(CDCls): 0 6.78 (s, 2H), 4.0—4.15 (m, 8H), 3.9—4.0 (m, 4H),
3.23(d, J = 20.4 Hz, 4H), 1.24—1.75 (m, 20H), 0.97 (t, J = 7.4
Hz, 6H). 13C NMR (CDCl3): ¢ 150, 119.1, 114.5, 68.26, 61.52,
31.18, 26.82, 24.98, 18.94, 15.99, 13.5.

Tetraethyl[1,5-bis(butoxy)-4,8-naphthylbis(methylene)]-
bisphosphonate (3). Yield: 90%. *H NMR (CDClg): 6 7.26
(m, 2H), 6.81 (d, J = 8.06 Hz, 2H), 4.13 (d, J = 22.06 Hz, 4H),
4.08 (t, J = 6.2 Hz, 4H), 3.77—3.90 (m, 8H), 1.99 (m, 4H), 1.57
(m, 4H), 1.10 (t, 3 = 7.04 Hz, 12H), 1.4 (t, J = 7.3 Hz, 6H). °C
NMR (CDCls): 6 156.14, 130.35, 126.79, 119.94, 106.36, 68.62,
61.60, 35.82, 33.99, 31.05, 19.60, 16.40, 13.97.

Tetraethyl[9,10-anthrylbis(methylene)]bisphospho-
nate (4). Yield: 80%. *H NMR (CDCls): ¢ 8.35 (dd, J = 3.23
Hz, 4H), 7.55 (d, J = 3.07 Hz, 4H), 4.2 (d, J = 20.27 Hz, 4H),
3.7-3.9 (m, 8H), 1.05 (t, J = 7.05 Hz, 12H). °C NMR
(CDCl3): ¢ 130.08, 125.53, 125.35, 124.00, 61.99, 28.04, 26.20,
16.06.

General Procedure for the Preparation of Bispyrroles
(6—9). A suspension of sodium hydride (30 mmol) in THF was
added slowly to a solution of the corresponding phosphonate
ester (5 mmol) and N-dodecylpyrrole-2-carboxaldehyde (10
mmol) in THF. After refluxing for 10 h, the highly fluorescent
reaction mixture was cooled and THF was removed under
reduced pressure to give a solid residue. This residue was
suspended in water and extracted with dichloromethane. The
organic layer was washed with brine, dried over MgSQO,, and
concentrated to give a crude product, which was further
purified by several precipitations by adding methanol to a
dichloromethane solution. The spectral data of 6—9 after
recrystallization from a mixture of dichloromethane/petroleum
ether were in agreement with their structures as illustrated
below.
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(E,E)-1,4-Bis[2-(1-dodecylpyrrol-2-yl)vinyl]benzene (6).
Yield: 52%. Mp: 89—90 °C. IR: (KBr): vmax 2921, 2849, 1695,
1649, 1541, 1506, 1472, 1074, 950, 689 cm . H NMR:
(CDClg): 6 7.40 (s, 4H), 6.93 (d, J = 16.0 Hz, 2H), 6.85 (d, J =
16.0 Hz, 2H), 6.67 (s, 2H), 6.49 (m, 2H), 6.15 (t, J = 2.95 Hz,
2H), 3.95 (t, J = 7.1 MHz, 4H), 1.58—1.75 (m, 8H), 1.24—1.29
(m, 32H), 0.86 (t, J = 6.7 Hz, 6H). *C NMR: (CDClg): ¢
136.78, 131.42, 126.27, 125.62, 122.68, 116.74, 108.34 106.59,
47.14, 31.99, 31.67, 29.7, 29.6, 29.41, 29.3, 26.9, 22.76, 14.1.
HRMS (FAB): calcd for CsqHesN2 (MY), 596.5070; found,
596.5089.

(E,E)-1,4-Bis[2-(1-dodecylpyrrol-2-yl)vinyl]-2,5-dibu-
toxybenzene (7). Yield: 58%. Mp: 79—80 °C. IR (KBr): vmax
2922, 2850, 1698, 1649, 1541, 1521, 1442, 1339, 1227, 1080,
958 cm1. H NMR (CDCls): 6 7.12 (d, J = 16.3 Hz, 2H), 7.06
(d, J = 16.3 Hz, 2H), 6.96 (s, 2H), 6.67 (s, 2H), 6.48 (m, 2H),
6.16 (t, J = 2.97 Hz, 2H), 4.02 (t, J = 6.3 Hz, 4H), 3.96 (t, J =
6.7 Hz, 4H), 1.76—1.86 (m, 8H), 1.52—1.62 (m, 8H), 1.24—1.29
(m, 32H), 1.00 (t, J = 7.16 Hz, 6H), 0.87 (t, J = 5.69 Hz, 6H).
3C NMR (CDClg): 6 150.94, 132.13, 126.59, 122.41, 121.47,
117.81, 111.20, 108.15, 106.47, 69.12, 47.10, 31.89, 31.68,
31.57, 29.58, 29.31, 29.27, 26.87, 22.66, 19.47, 14.08, 13.93.
HRMS: calcd for CsoHgoN202 (M), 740.6220; found, 740.6212.

(E,E)-1,5-Bis[2-(1-dodecylpyrrol-2-yl)vinyl]-4,8-dibu-
toxynaphthalene (8). Yield: 60%. Mp: 75-77 °C. IR:
(KBFr): vmax 2927, 2846, 1697, 1649, 1580, 1544, 1519, 1456,
1373, 1303, 1069, 1035, 950, 774, 707 cm . 'H NMR:
(CDCls): 6 8.0 (d, J = 15.5 Hz, 2H), 7.37 (d, J = 8.0 Hz, 2H),
6.85 (d, J = 7.98 Hz, 2H), 6.62 (s, 2H), 6.42 (s, 2H), 6.47 (d, J
= 15.71 Hz, 2H), 6.14 (s, 2H), 4.04 (t, J = 5.97 Hz, 4H), 3.93
(t, 3 = 6.9 Hz, 4H), 1.74—1.83 (m, 8H), 1.23—1.47 (m, 40H),
0.80—0.87 (m, 12H). 3C NMR: (CDClg): ¢ 156.56, 132.52,
132.0, 129.6, 126.26, 125.82, 121.31, 115.31, 107.83, 107.4,
105.19, 68.99, 47.02, 32.0, 31.75, 31.66, 29.70, 29.63, 29.42,
29.37, 26.93, 22.76, 19.74, 14.18, 13.8. HRMS (FAB): calcd
C54H32N202 (M+), 7906376, found, 790.6404.

(E,E)-9,10-Bis[2-(1-dodecylpyrrol-2-yl)vinyl]an-
thracene (9). Yield: 73%. Mp: 126—127 °C. IR: (KBr): Vmax
2925, 2852, 1697, 1642, 1537, 1505, 1455, 1396, 1067, 958, 752
cm™. 'H NMR: (CDCl3): ¢ 8.42 (dd, J = 3.2 Hz, 4H), 7.68 (d,
J = 16.20 Hz, 2H), 7.45 (dd, J = 3.2 Hz, 4H), 6.78 (d, J =
15.95 Hz, 2H), 6.76 (m, 4H), 6.27 (t, J = 2.82 Hz, 2H), 3.91 (t,
J =7.19 Hz, 4H), 1.72 (t, CH,, 4H), 1.24—1.20 (m, CH>, 36H),
0.86 (t, CH3 (J = 6.96 Hz), 6H). 13C NMR: (CDCl3): 6 132.81,
129.67, 126.51, 126.11, 125.04, 121.91, 108.25, 106.43, 47.20,
31.87, 31.84, 29.56, 29.46, 29.29, 29.24, 26.80, 22.65, 14.09.
HRMS (FAB): calcd for CsoHesN2 (MT), 696.5383; found,
696.5377.
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