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Regioregular head—to-tail 7rconjugated polypyridines have
been prepared for the first time by organometallic polyconden-
sation using Ni(ll) complexes as the catalyst. The proportion of
the HT-content in poly(6-hexylpyridine-2,5-diyl) was higher
than 95%.

m-Conjugated heteroaromatic polymers such as
polypyrroles, polythiophenes, and polypyridines are attracting
considerable interest not only for their basic interesting elec-
tronic and optical properties but also for their practical useful-
ness.! Control of regioregularity of the 7econjugated heteroaro-
matic polymers is one of the most interesting topics in the field
of polymer chemistry, since the regioregulated polymers show
attractive electronic and optical properties and assume a 7=
stacked structure in the solid state.2* For example, the
regioregular head-to-tail poly(3-akylthiophene-2,5-diyl), HT-
P3RTh, has been synthesized from regioselectively metallated
starting materials using Ni(Il) complexes as the catalyst.
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In contrast to the success of the synthesis of HT-P3RTh,
which consists of electron-donating thiophene units and is easi-
ly converted to p-type electrically conducting materials, attmpts
to synthesize HT-type polypyridines have not been successful
due to difficulty of obtaining the corresponding regioregularly
metallated starting materials such as 2,5-XM-CzH;N-X.

Due to the electron-accepting nature of pyridine,> 7econju-
gated polypyridines are easily reduced and converted to n-type
electrically conducting materials.1® Because of their n-type
conductivity, polypyridines are considered to be one of the key
materials for constructing polymer electronic devices such as
diode and electroluminescent devices.” Under these circum-
stances, the preparation of 7econjugated polypyridines with var-
ious regioregularities is considered to be important for the
development of polymer devices and the understanding of the
basic properties of 7rconjugated polymers. In the course of our
attempts to prepare HT-polypyridines, we noted recent publica-
tions indicating that selective metallation of 2,5-dibromopyri-
dine can be achieved by Grignard exchange reaction with i-
PrMgCl.8 We report herein the syntheses of two HT-
polypyridines, using the reported results as reference. Head-to-
head (HH) type polypyridines have aready been synthesized by
dehalogenation polycondensation of 5,5-dibromo-2,2'-
bipyridines.®
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3a: HT-PPy (R =H)
3b : HT-P6HexPy (R = hexyl)

The occurrence of the selective Grignard exchange reaction
of 1la and 1b was confirmed by exclusive liberation of the cor-
responding 2-bromopyridines upon hydrolysis of intermediate
2. Stirring the reaction mixture under reflux in the presence of
5 mol% of NiCl,(dppp) (dppp = 1,3-bis(diphenyl-
phosphino)propane) afforded a yellow (3a) or light yellow (3b)
precipitate in quantitative crude yield. Workup, including
washing successively with aqueous ammonia, diluted
hydrochloric acid, and methanol, gave 3a in 76% yield;® a part
of the polymer appeared to be lost during the workup. 3a was
soluble in formic acid and hexafluoroisopropanol but not in
other organic solvents tested, similar to regiorandom and HH-
type poly(pyridine-2,5-diyl)s, rand-PPy and HH-PPy.5 GPC
analysis (eluent = hexafluoro-2-propanol; poly(methyl
methacrylate) standards) gave a number average molecular
weight, M,,, of 1.1 x 10* (M,,/M,, = 2.6), and 3a showed an [1]
value of 0.72 dL g™ (dL = 100 cmd) in formic acid.

As exhibited in Figure 1, the TH NMR spectrum of 3a is
significantly different from those of rand-PPy and HH-PPy, and
shows only three main peaks, supporting the formation of the
regioregulated polymer. The 13C{'H} NMR spectrum of 3a in
DCOOQOD also gives only five sharp peaks at 6 = 128, 132, 142,
146, and 152. Use of other RMgX, instead of i-PrMgCl, did
not give 3a.

3b was highly soluble in commonly used organic solvents,
and light scattering analysis gave an M,, value of 76000. The
IH NMR spectrum of 3b (Figure 2) also shows a simple peak
pattern, supporting the formation of the regioregulated polymer.
The a-CH, peak of 3b appears at a lower magnetic field than
that of HH-P6HexPy, similar to the case of poly(3-hexylthio-
phene-2,5-diyl)s.2* The HT content of 3b is higher than 95%
as evaluated from the *H NMR peak area of a-CH,, originating
from the HT unit.

3a and 3b gave essentially the same UV—-vis data in solu-
tions and electrochemical response (e.g., in cyclic voltammetry)
as the corresponding random and HH-homologs. For example,
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Figure 1. 'H NMR spectra of poly(pyridine-2,5-diyl)s
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Figure 2. 'HNMR spectrum of HT-P6HexPy in CDCl;. For
comparison, the a-CH, signals of HH- and rand-P6HexPy(’ are
depicted.

cast films of 3a, rand-PPy, and HH-PPy, are electrochemically
reduced with Epc of —2.58, —2.52, and -2.62 V vs Ag*/Ag,
respectively. However, as shown in Figure 3, the powder XRD
patterns of 3b and HH-P6HexPy clearly indicate that they take
significantly different packing modes. The peaks in the low
angle region (pesks at d = 21.3 and 11.3 A in Figures 3a.and 3b,
respectively) are considered to be assignable to the distance
between polypyridine main chains separated by hexyl groups;
similar assignment has been made for various alkylated regioreg-
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Figure 3. Powder XRD patterns of (a) 3b and (b) HH-P6HexPy.

ular 7econjugated poly(arylene)s.1*® The sharper diffraction
peak of HH-P6HexPy suggests a higher order of packing in the
solid. Regioirregular P6HexPy with an HT content of 55%°
gives relatively broad XRD peaksat d = 14.1 and 4.40 A. Dueto
the molecular assembly, the UV-vis peak position of 3b at 309
nm in CHClj is shifted to 327 nm in film, which is presumably
caused by remrinteraction between the restacked HT-P6HexPy
molecules. Cast films of regioirregular and HH-P6HexPy show
absorption peaks at 326 and 324 nm, respectively.
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