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Abstract: The linear mixed oligomer 1 consisting of three pyrrole
and four divinylbenzene moieties was synthesized by two twofold
Heck and Wittig reactions in four steps starting from diiodopyrrole
2 and vinylpyrrole 6.
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The preparation of well defined oligomers with a conju-
gated T-system has become an important field in organic
chemistry over the past years.? Thisis mainly dueto the
unusual electronic properties of these compounds that
make them suitable as organic conductors.® While there
had been a substantial progress in the synthesis of many
kinds of linear T-conjugated oligomers, monodisperse
pyrrole containing systems remained difficult to obtain.*
In the last years we have shown that the combination of
several transition metal catalyzed reactions is a powerful
tool for the efficient construction of complex moleculesin
very few steps.® It was therefore our intention to develop
a synthetic route to a novel class of pyrrole containing
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T-conjugated oligomers using multi-fold palladium cata-
lyzed transformations.

Here we describe the synthesis of the oligomeric Tesystem
1 which consists of three pyrrole and four divinylbenzene
moieties (Scheme 1). This compound, to our knowledge,
is the longest linear T-conjugated pyrrole containing
oligomer® of defined structure and was obtained from the
pyrroles 2 and 6 by a combination of twofold Heck’ and
Wittig reactions.

During our preliminary studies® we have observed that the
tert-butoxycarbonyl moiety (Boc) as a N-protecting
group?® at the pyrrole unitsis most suitablein Pd-catalyzed
reactions. All other protecting groups that we examined in
this context, as for example the p-toluenesulfonyl or the
ethoxycarbonyl group led to poorer results or were not ap-
plicable at all. On the other hand, unprotected pyrroles
were not appropriate due to their low stability® and in ad-
dition, they expressed a decreased regioselectivity in
Heck reactions. Thus, we have shown that the Pd-cata-
lyzed reaction of iodopyrroles containing electron donat-
ing groups such as methyl groups in the 3- or 4- position
with styrenes give mixtures of linear and branched prod-

4 steps

Scheme 1
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ucts. Thisisin accord with the findings of Hallberg et al.
who observed that for electron rich styrenesa-arylationis
favored.'* However, in the reaction of the pyrroles steric
reasons may also be of some importance. A practical ad-
vantage of the tert-butoxycarbonyl protecting group isthe
fact that it diminishes Testacking effects and therefore in-
creases the solubility of the products. As a starting mate-
rial for the synthesis of 1 we employed the diiodopyrrole
derivative 212 (Scheme 2).
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The twofold Heck reaction of 2 with two equivalents of
p-vinylbenzaldehyde 3'3in the presence of 5 mol% palla-
dium acetate, 4 molar equivalents of potassium acetate
and 1 molar equivalent of tetrapropylammonium bromide
in dimethylformamide for 2 hours at 60 °C gave 4in 67%
yield. The reaction is completely regioselective; thus, the
attack occurred exclusively at the less substituted position

Boc Pd(OACc);, (5 mol-%),

6 PPhs (10 mol-%), NEts,

90°C,15h

Scheme 3

of thevinyl groupin 3. A twofold Wittig reaction of 4 with
Ph;P=CH, then furnished the divinyl compound 5 in 62%
yield. Thefinal step in the synthesis of 1 was the coupling
of 5 with two equivalents of the styrylpyrrole 10 again us-
ing atwofold Heck reaction. Reacting 6 with 1.5 equiv-
aents of 1,4-diiodobenzene 7*° in the presence of 5 mol%
palladium acetate and 10 mol % triphenyl phosphanein tri-
ethylaminefor 15h at 90 °C gave 10inayield of 20%, to-
gether with 20% of the styryldipyrrole 8 and 8% of the
branched a-arylated coupling product 9 (Scheme 3).

The low yield of 10 is partly caused by difficultiesin the
chromatographic separation due to similar Ri-values of 9
and 10. Astoundingly, the use of atenfold excess of 7 in
the reaction with 6 had only a marginal influence on the
product ratio. In the presence of asilver salt theyield even
decreased. Instead, it may be possible to prepare 10 in a
more selective way using a multi-step approach. Another
promising way would be the application of 4-iodobenz-
enetriflate in the presence of a catalyst described by Fu.'6
The twofold Heck reaction of 5 and 10 in the presence of
5 mol% palladium acetate, 4 molar equivalents of potassi-
um acetate and 1 molar equivalent of tetrapropylammoni-
um bromide in dimethylformamide for 3 hours at 80 °C
furnished nearly pure 1' regioselectively in over 70%
yield. Chromatographic purification of crude 1 led to a
dark red poorly soluble solid with an absorption maxi-
mum at A .. = 436.0 nm (Ig € = 4.809) in 45% yield based
on 5 (Scheme 4).18 The best solvent for 1 iswarm chloro-
form.

TheH NMR spectrum of 1 isquite simple dueto the sym-
metry of the molecule. It shows four different signals for
the pyrrole hydrogens. Those of the two external pyrrole
moietiesresonate asatriplet at d = 6.20 ppm and two mul-
tiplets at & = 6.58 ppm and 6 = 7.29 ppm which are char-
acteristic for 2-substituted pyrroles. The two hydrogens of
the central pyrrole unit resonate as a singlet at & = 6.59
ppm. The olefinic hydrogens are divided into three
groups; the signals for the hydrogens at the four double
bonds connected to a pyrrole moiety are found at 4 = 6.88
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ppm and d=7.56 ppm (2-H and 1'-H) as well as at
0=6.89 ppm and 6=7.79 ppm (1'"""'-H and 2"""""-H)
with J=16.5 Hz in all cases. The hydrogens of the two
stilbene subunits resonate as a singlet at 6 = 7.10 ppm.
The signals of the aromatic hydrogens are found as amul-
tiplet at 6 =7.39-7.55 ppm and those of the carbamate
moieties as two singlets at 6 =1.64 ppm and = 1.68
ppm. The E-configuration of the double bonds at the pyr-
roles can clearly be supposed from the large coupling con-
stants of J = 16.5 Hz. The E-configuration of the stilbene
subunits can not be deduced directly from the *H NMR
spectrum; however the Z-compound should be much less
stable und should isomerize to the E-compound, and on
the other hand, the signals of the aromatic hydrogens
should be more diversified due to shielding effects.

In conclusion, we have shown that defined oligomers of
type 1 can be obtained in a straightforward modular ap-
proach by combination of several multiple Heck and
Wittig reactions.
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