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The Pd-catalyzed polycondensation! of aromatic mono-
mers carrying either bromo/boronic acid or bromo/tri-
alkyltin substituents has been developed by us and is
currently the best method for the synthesis of polyarylenes
and related polymers.2® Important advantages of this po-
lymerization method are its regiospecificity and its high
tolerance toward functional groups such as carbonyls,
amides, and carboxylic acids. One of the few remaining
challenges is to apply this reaction to electron-rich aromatic
monomers which are notoriously difficult candidates for
low-valent transition-metal-catalyzed cross couplings. In
this regard, we are presently exploring the pyrrole mono-
mer in a number of variations.* The ultimate goal of this
effort is the synthesis of poly(2,5-pyrrole), an extremely
interesting but still unknown polymer. Here we give a
preliminary account of the Pd-catalyzed cross-coupling
polycondensation of the benzenediboronic acid derivative
1 with the N-Boc-protected (Boc = tert-butoxycarbonyl)
dibromopyrrolic monomers 2 (n = 1, 3) which yields the
alternating copolymers 3 (n = 1, 3)° (Scheme I). A
description of the procedure for deprotection of 3 to 4 is
alsopresented. Polymerslike 4 are potentially interesting
for their electrical and nonlinear optical properties.t

Because of the observation that N-(tert-butoxycarbon-
yl)pyrrolyl-2-boronic acid loses 50% of its functional group
merely upon heating to 50 °C in toluene/2 M Na,COj; for
24 h (no coupling partner or catalyst present),” efforts
were concentrated on coupling reactions in which the pyr-
role moiety carries the halogen functionalities. At first,
a model study was performed. The reaction of 2(n=1)
with 2 mol of benzeneboronic acid under standard coupling
conditions (Pd(PPhs),, 1 mol % per coupling step, toluene/
2 M Na;COs, 100 °C, under Nj) was monitored by 'H
NMR spectroscopy using dichloromethane as an internal
integration standard. An analysis of the NMR spectrum
of the reaction mixture after 4 h yielded the following
results: 2(n=1), 6%; 2-bromo-5-phenyl-N-(tert-butoxy-
carbonyl)pyrrole, 70.5 % ; 2,5-diphenyl-N-(tert-butoxycar-
bonyl)pyrrole, 21.5%. After 24 h, the conversion to the
latter product was 85% and after 45 h 96% (all data with
an estimated error of about £5% ). Some doubtsremained,
however, as to whether this very high conversion was
indicative of a quantitative coupling. Upon expansion of
the 1H NMR spectrum of the raw reaction mixture (after
45 h) to the extent that the 13C satellites were easily
observed, some signals of minor intensity between 4 6.4
and 6.6 were detected, the identity of which was not
clarified.

The synthesis and purification of monomers 1 and
2(n=1) have been described elsewhere.2b8 The terpyr-
rolic monomer 2(n=3) was obtained in 5-10-g quantities
from the Pd-catalyzed coupling of 2(n=1) with 2-(tri-
methylstannyl)-N-(tert-butoxycarbonyl) pyrroled followed
by bromination with NBS and purification by repeated
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recrystallization from EtOH. The copolymerizations were
performed similarly to the above-mentioned model reac-
tion, except that refluxing benzene was used instead of
toluene to give a better temperature control. Typical
reaction times are 2-3 days, after which period the reactions
tend to become dark and no further coupling is observed
(TLC). Standard workup yielded a dark residue which
was dissolved in dichloromethane and filtered through
silica gel to remove the catalyst. The molecular weight of
the product before and after filtration remained unchanged
(GPC). This filtration did not render the materials
colorless. Copolymers 3(n=1) and 3(n=3) were obtained
on the gram scale as dark, highly viscous oil (typical yield
= 55-70%) and as a gray-greenish powder (~90%),
respectively. All attempts to further purify the products
by reprecipitation failed.

Thestructures of 3 (n = 1, 3) were confirmed by analyzing
their high-resolution !H, 3C, and '3C DEPT NMR spectra.?
Specifically characteristic are the signals of the 3 hydrogens
of the pyrrolic rings that appear as a singlet for 3(n=1) as
a singlet and an AB system for 3(n=3). Both the !H and
13C NMR spectra of the copolymers showed signals with
low intensity whose chemical shifts varied slightly from
experiment to experiment and were therefore assigned to
the above-mentioned impurities. Others remain un-
changed and seem to be due to end groups. The molec-
ular weights were determined by GPC (standard, PS;
solvent, THF). The results for the various independent
runs were similar for the two copolymers and fell within
the following ranges: 5000 < My, < 8000, 17 000 < Mpeqx
<20 000, 18 000 < My, < 23 000, 2.5 <D <4. HPLC traces
of the products (reverse-phase Merck LiChroCart RP 18
column, CH,Cly/CH3CN gradient) showed regular peak
patterns whose maximum appears approximately at a DP
=~ 30, which is in good agreement with the GPC data.l?

The Boc group was chosen to protect the pyrrole and
terpyrrole fragment during polymerization because it is
readily removed upon thermal treatment to give only
gaseous products.!! This is of crucial importance con-
sidering the sensitivity of the unprotected pyrrole oligo-
mers. To achieve deprotection, the neat copolymers 3 (n
= 1, 3) were heated to 190 °C under a dynamic vacuum
(=102 mbar) for 1.5 h. At the end of the process the color
of the material had changed to almost black. For 3(n=1),
the deprotection proceeded cleanly and reproducibly. The
deprotected copolymer 4(n=1) is an air-stable and soluble
material. Reprecipitation from benzene using acetone as
nonsolvent furnished a yellow—green material which was
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Figurel. (a) 3C NMRspectrum of 4(n=1). (b) Aliphatic region
of the 1C DEPT NMR spectrum of 3(n=1). The signal for the
methyl groups of the Boc is marked (*).
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Figure 2. GPC traces of 4(n=1) (a) and of 3(n=1) (b).

then freeze dried (benzene). The yield of the two steps,
deprotection and purification, was approximately 86%.
The NMR spectra of the product!? show that deprotec-
tionis quantitative and that the main structure is retained.
No degradation of the backbone occurred (Figure 1). GPC
analysis (Figure 2) confirms this observation. The values
obtained after deprotection are M, = 11000, Mpe.x =
15 000, My, = 25000, and D = 2.3. The fact that these
values are slightly higher than the ones of the correspond-
ing protected copolymer probably reflects a somewhat
different behavior on the column and the absence of low
molecular weight impurities.

A wide-angle X-ray powder diffractogram of 4(n=1) after
2 days annealing at 80 °C shows the pattern often observed
for rigid-rod polymers with flexible side chains.!* DSC
analysis shows a sharp endothermic peak on the heating
curve between 105 and 125 °C, that remains nearly
unchanged by cycling, and a sharp exothermic peak on
cooling, between 65 and 45 °C. Complete deprotection of
3(n=1) can also be achieved by treatment of this copolymer
with a 5-fold excess of MeONa in THF solution at reflux
for 12 h.1* The NMR spectra and GPC data obtained for
4(n=1) are almost identical with those of the thermally
deprotected material.

The deprotection of 3(n=3) yielded an almost insoluble
material. Therefore, it is not certain that the deprotec-
tion proceeded cleanly. However, the IR spectrum shows
almost no carbonyl absorption. In this context, it is
interesting to note that deprotection studies performed
on N-(tert-butyoxycarbonyl)pyrrolic oligomers with up
to five pyrrole units gave fully satisfactory results.!s It
should also be noted that «,w-dibromopyrrolic monomers
of type 2 with n up to 7 can also be prepared!s and could
be used for the synthesis of copolymers using the cross-
coupling reaction described here.
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Insummary, we have shown that the Pd-catalyzed poly-
condensation allows the incorporation of N-Boc-protected
pyrrolic unitsinto a polymer structure. The Boc protecting
group proved to be optimal in that it does not interfere
with the polymerization and can be completely removed.
The molecular weights seem to be in the range typical for
these kinds of polycondensations.
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