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ABSTRACT

An effective decarboxylative cross-coupling involving a 3,4-dioxypyrrole is reported. Several conjugated oligomers were synthesized in high
yields using various aryl bromides. No copper salt or other transmetalating agent was required. The reaction conditions employed displayed
relatively low sensitivity toward the presence of water.

Dioxypyrroles (XDOPs) are interesting electron-rich mol-
ecules which yield polymers that combine low oxidation
potential with intermediate to high band gaps to produce
materials with high conductivity, electrochromism and fast
optical switching.1,2 3,4-Dioxypyrrole monomers can be
derivatized through N- or O-alkylation allowing the tuning
of electronic properties and solubility of their resultant
polymers.1a A wide number of 3,4-dioxypyrrole monomers
can be prepared by Hinsberg condensation3a and other
synthetic methodologies.3b-d Using these methodologies, our
group has synthesized and studied a variety of XDOPs
designed to yield polymers where the redox and optical
properties are rationally controlled via the substituents.1a-c,4

Despite their interesting properties, most of the polymeric
dioxypyrroles (PXDOPs) reported are restricted to ho-
mopolymers. Excluding a report by Merz et al.,5a organo-
metallic coupling, commonly used for synthesis of many
conjugated organic materials, is almost unknown for the
XDOPs. The low stability of 2,5-dihaloXDOP derivatives,
which can be seen as natural precursors for many organo-
metallic coupling reactions, is one of the main drawbacks
that hinders their utilization. Based on previous works
reported by Merz,5a Wudl,5b and our group,4d we took
advantage of this behavior to develop an efficient and
convenient polymerization method of XDOPs via
iododecarboxylation.4c
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Palladium-mediated decarboxylative cross coupling is a
relatively recent methodology which is being developed and
optimized as a convenient alternative to traditional cou-
plings.6 The first decarboxylative coupling report, a copper-
catalyzed Ullmann-like cross coupling, was reported by
Nilsson in 1966.7a In 1997, Steglich and co-workers,7b-d and
more recently Myers et al. in 2002,7e Bilodeau and Forgione
et al. in 2006,8 Goossen et al. in 2006,9 and Lee et al. in
200810 reported new effective variants of this methodology
using palladium catalysts. On the other hand, several research
groups have also proposed that palladium complexes can be
applied in the proto-decarboxylation of aromatic com-
pounds.11

This report shows our efforts to apply the palladium-
catalyzed decarboxylative cross coupling in the synthesis of
N-alkyl-XDOP-based π-conjugated oligomers which can
serve as precursors to conducting and electroactive polymers
with Goossen’s9 and Bilodeau and Forgione’s reports8

serving as our starting point. It is known that 3,4-dioxypyy-
roles, 3,4-dioxythiophenes, and 3,4-dioxyfurans undergo
proto-decarboxylation (loss of CO2 and formation of a new
C-H bond) catalyzed by copper salts,12,13 and in the
particular case of 3,4-dioxypyrroles, this decarboxylation can
occur without copper catalyst at relatively high temperature.1a

In our experiments, we used N-dodecyl-3,4-propylenedioxy-
pyrrole (ProDOP-N-C12) derivative 1 [N-dodecyl-5-(ethoxy-
carbonyl)-3,4-(propylene-1,3-dioxy)pyrrole-2-carboxylic acid]
as a trial compound. Monoacid 1 was synthesized from its
diester, diethyl N-dodecyl-3,4-(propylene-1,3-dioxy)pyrrole-
2,5-dicarboxylate ((COOEt)2ProDOP-N-C12).

Initially, we decided to focus on Goossen’s method-
ology9,14a since this seemed to be more general and efficient,
having high conversion and yield, with the reaction condi-
tions modified based on literature reports.8,9,14b,c These
reaction conditions were unsuccessful for cross coupling of
test compound 1, yielding compound 4 as the major or only

product (Scheme 1). In an attempt to reproduce Bilodeau
and Folgione’s conditions,8 microwave radiation was also
used, producing similar results. Yields of these initial
experiments oscillated between 5 and 15%, and the proto-
decarboxylation product 4 was obtained as the major product
even when the anhydrous potassium carboxylate of 1 was
used. Later, we found that the reaction yields for 1, or its
carboxylate salt 5, under these conditions fit with a direct
arylation mechanism15 or a Heck-type reaction6b on proto-
decarboxylation product 4 (Scheme 1 and entry 6, Table 1).
Several base/solvent combinations (LiH, Cs2CO3, K2CO3,
BuOK; TFH, MeOH, DMF, NMP) were used to synthesize
the carboxylate salt 5 shown in Table 2, and in some cases,
the solvent was partially or totally removed after salt
formation. Anhydrous conditions were always assured, yet
no improvement of reaction yields was achieved. Reaction
temperature was also manipulated. High temperature, > 120
°C, resulted in increased proto-decarboxylation. Decreasing
the amount of CuI/phenanthroline, which is the transmeta-
lating agent used by Goossen and co-workers,9 produced a
slight increase in the reaction yield (25%). The reactivity of
the copper salt was then decreased by adding KBr,14c but
this had no effect on the reaction yield.

Several experiments were carried out to understand some
of the initial results and to set the reaction conditions.
Thermogravimetric analysis (TGA) was used to measure the
decarboxylation temperature for 1 (entry 1, Table 1), where
the results showed that the decarboxylation temperature in
bulk is higher than the temperatures used to run the reactions
in presence of the palladium catalyst. Experiments in entries
2 and 3 (Table 1) showed that Pd(acac)/(o-tolyl)3P was able
to decarboxylate 1 and also the anhydrous potassium salt 5
in N-methylpyrrolidone (NMP) producing 4. Here, the NMP
is a possible proton source for proto-decarboxylation of 5.
CuI/phenanthroline produced similar results (entry 4). The
experiment in entry 5 showed that potassium salt 5 does not
decompose or react under same conditions used in entries
2-4 in the absence of palladium or copper catalysts. We
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Scheme 1. Initial Experiments for Decarboxylative
Cross-Coupling of Compound 1
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also found that Pd(acac)2/(o-tolyl)3P/K2CO3 produced the
desired product 3a using ProDOP-N-C12 ester 4 (entry 6,
Table 1) in 21% yield at the same temperature used for the
decarboxylative coupling, which explains the initial results
using CuI/Phen/Pd(acac)2 (Scheme 1).

With these latest results, we found that when no copper
salt is used and phenanthroline is replaced by a phosphine
ligand and the temperature is lower than 110 °C, the reaction
proceeds more effectively. Modification of the Goossen
methodology led to a clean and efficient palladium-mediated
decarboxylative cross coupling for ProDOP-N-C12 derivative
1. Although these reaction conditions might work only for
3,4-dioxypyrrole derivatives which are easily decarboxylable
molecules, the results should prove practical and useful in
creating conjugated systems containing this moiety. The
methodology was quite effective for several aryl dibromides
that were tested (entries 1-7, Table 2).

High yields with relatively low catalyst load (less than 2
mol %) were obtained and low, or no, side reactions
were observed. Relatively low temperatures were used
(90-110 °C). The fact that there is no need for a transmeta-
lating agent, such as copper salts, offers some advantages.
The reaction is less sensitive toward the presence of water
negating the need for molecular sieves (MS)8,9 or water
removal after salt formation with K2CO3. Also, reducing the
amount of metals which might contaminate the final product
is favorable. The oligomeric products are highly fluorescent
under UV light, so their formation was easily confirmed by
UV illumination. This was not possible when Cu(I) was
present since this quenched the fluorescence.

For convenience, we decided to use the anhydrous
potassium salt of 1, but one-pot formation of 5 using either

potassium carbonate or cesium carbonate produced similar
results (entry 1, Table 3). Since water formation cannot be
avoided using carbonate salts, this demonstrated that the
reaction sensitivity toward water is low. As in Goossen’s
coupling,9 palladium(II) acetylacetonate [Pd(acac)2] was a
good source for palladium and NMP an ideal solvent. The
reaction can be run without an added ligand, but the use of
tri(o-tolyl)phosphine produced optimal results. The reaction
is highly temperature dependent; product formation was not
observed under 85 °C and the optimal reaction temperature
varied for each aryl dibromide. For some aryl dibromides,
such as 2b and 2d, the reaction proceeds to completion in
less than 12 h, even though reaction times spanned 36-48
h to ensure high conversion. The reaction was also run with
triphenylphosphine (entry 1, Table 3) and without a phos-
phine ligand (entry 2, Table 3); decrease in the reaction yields
was observed and 6 was also isolated in both cases.
Reduction of Pd(II) to Pd(0) might be carried out either by

Table 1. Test Reactions for ProDOP-N-C12 Derivatives

entry
dioxy-
pyrrole substrate

reaction
conditions product

yield
(%)

1 1 none melt, 123 °C 4 >99a

2 1 none
Pd(acac)2,
(o-tolyl)3P, NMP,
95 °C, 24 h

4 >99b,c

3 5 none
Pd(acac)2,
(o-tolyl)3P, NMP,
95 °C, 24 h

4 93b,c

4 5 none

10 mol % of CuI, 10
mol %, 1,10-
phenanthroline,
100 °C, 24 h

4 97b

5 5 none
NMP, 105 °C,
36 h

none

6 4 2a
K2CO3, Pd(acac)2,
(o-tolyl)3P, NMP,
95 °C, 48 h

3a 21b,c

a Measured by TGA. b Chromatographic column purification. c 2 mol
% of Pd(acac)2, 4 mol % of (o-tolyl)3P.

Table 2. Decarboxylative Cross-Coupling of the Potassium Salt
of 1 with Several Aryl Dibromides

a Purificationbychromatographiccolumn.b Purificationbyrecrystallization.
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the solvent14b or phosphine,16 or via homocoupling of two
ProDOP-N-C12 carboxylates 5. Small amounts of compound
6 were observed in several reactions, especially when less
than 2 equiv of phosphine ligand per palladium was used.

Anhydrous toluene and THF were tested as solvents for
the coupling of potassium salt 5 with 1,4-dibromobenzene

and 2-bromothiophene (entries 3 and 4, Table 3). No
reactions were observed, and the starting materials were
recovered in both cases. Interestingly, product formation was
observed after addition of degassed water to the reaction
using toluene; in this last case, 4 days of reaction yielded
67% of the expected product 3a, but reaction conditions were
not reproducible neither for 1,4-dibromobenzene nor others
substrates. We decided to optimize these reaction conditions.

Using reaction conditions similar to those used for some
Suzuki-Miyaura couplings,17 toluene/water mixture was
employed as the solvent and sodium biphenylphosphinoben-
zene-3-sulfonate, (m-NaSO3-Ph)Ph2P, as the ligand, pro-
duced 3a and 7 in high yields (entries 5 and 6, Table 3). In
this case the carboxylate salt of 1 was formed in situ using
potassium tert-butoxide (t-BuOK), and tetrabutylammonium
bromide (n-Bu4NBr) was used as a phase-transfer agent.
These conditions may provide a good alternative for the
synthesis of 3,4-dioxypyrrole derivatives without using NMP.
It also clearly demonstrates the low sensitivity of the reaction
toward the presence of water; in fact, water is needed to
increase the carboxylate salt solubility and the reaction to
proceed under these reaction conditions. To rule out a
possible product formation via compound 4 the reaction
presented in entry 7 was also run, no product formation was
seen.

In summary, experimental conditions for an efficient
decarboxylative cross coupling of an N-alkylpropylenedioxy-
pyrrole have been optimized. High reaction yields (92-99%)
were observed for several aryl bromides that were tested. It
was also demonstrated that these reaction conditions have
relatively low sensitivity toward the presence of water and
might be considered for synthesis of conjugated system
involving 3,4-dioxypyrroles.
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Table 3. Alternative Reaction Conditions for Decarboxylative
Cross-Coupling of ProDOP-N-C12 Derivatives

a Conditions: (i) K2CO3, NMP, (ii) 2 mol % of Pd(acac)2, 4 mol % of
(o-tolyl)3P, 100 °C, one pot. b Conditions: (i) K2CO3, NMP, (ii) 2 mol %
of Pd(acac)2, 4 mol % of Ph3P, 100 °C, one pot. A small amount of
compound 6 was also observed. c Conditions: 2 mol % of Pd(acac)2, NMP,
105 °C, 48 h, yield for fluorene oligomer 3e, same product as in entry 5
(Table 2). d Conditions: THF or toluene, reflux, 2 mol % of Pd(acac)2, 4
mol % of (o-tolyl)3P, 48 h. e Conditions: t-BuOK, 2 mol % of Pd(acac)2, 4
mol % of (m-NaSO3Ph)Ph2P, (n-Bu)4NBr, toluene/water, 110 °C 48 h.
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