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Intramolecular B-N Coordination as a Scaffold
for Electron-Transporting Materials: Synthesis
and Properties of Boryl-Substituted
Thienylthiazoles**

Atsushi Wakamiya, Takuhiro Taniguchi, and
Shigehiro Yamaguchi*

The exploration of new and excellent electron-transporting
materials is a current topic in the field of organic electronics,
including organic light-emitting diodes (OLEDs) and organic
thin-film transistors (OTFTs)."! A crucial issue in their
molecular design is the creation of a n-conjugated framework
that has a reasonably high electron affinity as well as a
suitable solid-state structure for facilitating an efficient
carrier transport. The employment of C=N double-bond-
containing N-heteroaromatic rings as building units is a
widely accepted and effective design because of their intrinsi-
cally high electron affinity. In fact, various types of fascinating
materials have already been developed along this line.?'!) We
now disclose a new concept for the further structural and
electronic modification of N-heteroaromatic ring-based
materials by exploiting the Lewis acidity of the boron
atom."” Thus, our idea is to incorporate boryl groups at the
appropriate positions of a nitrogen-containing m-conjugated
framework to allow intramolecular coordination from the
Lewis basic nitrogen atom to the boron atom, as shown in
Figure 1. This interaction between the Lewis acid and Lewis
base would not only constrain the s-conjugated framework in
a planar fashion,["¥! but would also affect the electronic
structure by lowering the LUMO level. Therefore, we have
designed the (3-boryl-2-thienyl)-2-thiazole 1 as a key building
unit. The use of the thienylthiazole skeleton™ would allow us
to achieve regioselective and stepwise metallations at the 5-
positions of the thiazole and thiophene rings in 1, which would
be a significant advantage for synthesizing a wide range of
compounds derived from this key skeleton.

[*] Dr. A. Wakamiya, T. Taniguchi, Prof. Dr. S. Yamaguchi
Department of Chemistry

Graduate School of Science

Nagoya University

Chikusa, Nagoya 464-8602 (Japan)

Fax: (+81) 52-789-5947

E-mail: yamaguchi@chem.nagoya-u.ac.jp

We thank Mr. T. Tanaka, Mr. M. Nishiyama, and Dr. H. Eguchi
(TOSOH Co.) for the measurements of TOF carrier mobility. This
work was supported by a Grant-in-Aid (No.12CE2005 for Elements
Science) from the Ministry of Education, Culture, Sports, Science,
and Technology, Japan. A.W. thanks the Mitsubishi Chemical
Corporation Fund and TOSOH Award in Synthetic Organic
Chemistry.

@ Supporting information for this article is available on the W\WW
under http://www.angewandte.org or from the author.

[7‘: *

T IWILEY

InterScience’

are,

© 2006 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim

a)

= " g ﬂ = * = " g

- incarporation of bory| groups
- intramolecular B—-N coordination

v
n g » — > T
e " W \a— ETW

Effects
- coplanar -conjugated skeleton
- lowering of LUMO level

Figure 1. a) Schematic representation of electronic and structural
modification of N-heteroaromatic ring-based m-electron systems by
intramolecular B-N coordination. b) Boryl-substituted thienylthiazole 1
as a key building unit.

The dimesitylboryl-substituted thienylthiazole 1a was
prepared in 75% yield from (3-bromo-2-thienyl)-2-thiazole
by lithiation with #nBuLi and subsequent treatment with
Mes,BF (Mes =2,4,6-Me;C¢H,; Scheme 1). Compound 1a is
stable in air and water and can be purified by column
chromatography on silica gel. The X-ray crystal structure
analysis of 1a reveals a B—N bond length of 1.67 A, thus
demonstrating that the intramolecular coordination between
the nitrogen atom and the boron atom actually occurs in this
skeleton. This coordination constrains the thienylthiazole
skeleton in the s-cis conformation with a dihedral angle of 7.4°
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Scheme 1. Reagents and conditions: a) nBulLi (1 equiv), diethyl ether,
—78°C, then Mes,BF; b) nBulLi (1 equiv), THF, —78°C; c) Bu;SnCl;
d) nBuli (2 equiv), THF, —78°C, then I,; e) nBuLi (1 equiv), THF,
—78°C, then H,0.
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between the thiophene plane and thiazole plane (see the
Supporting Information).!”!

The functionalization of 1a was examined as shown in
Scheme 1. The monolithiation of 1a with one equivalent of
nBuLi proceeded regioselectively at the 5-position of the
thiazole ring. The resultant monolithiated derivative 1b was
treated with Bu;SnCl to give the thiazole-monofunctionalized
derivative 1c¢ in 82% yield. The dilithiation of 1la was
achieved by treatment with two equivalents of nBuLi, and
subsequent treatment with iodine gave the diiodide derivative
1d in 87 % yield. Additionally, the further monolithiation of
1d with one equivalent of nBuLi proceeded at the S-position
of the thiazole ring, and quenching with water afforded the
thiophene-monofunctionalized derivative 1e in 72 % yield.

To demonstrate the utility of these functionalized deriv-
atives as precursors for extended m-electron systems, we
synthesized a series of regioisomeric dimers, including the
head-to-head (H-H), head-to-tail (H-T), and tail-to-tail (T-
T) dimers 2-4 (Scheme 2), in which the thiophene ring is
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Scheme 2. Synthesis of head-to-head (H-H), head-to-tail (H-T), and
tail-to-tail (T-T) dimers 2—-4.

denoted as the head and thiazole as the tail. Thus, while the
nickel-catalyzed homocoupling of 1e gave the H-H dimer 2 in
25% yield,'® the palladium-catalyzed cross-coupling of 1c¢
and 1e afforded the H-T dimer 3 in 68 % yield."” The T-T
dimer 4 was obtained in 31 % yield by the CuCl,-promoted
oxidative coupling of the monolithiated derivative 1b, which
was generated in situ from 1a.l'®!

The photophysical and electrochemical data for the
monomer 1la and dimers 2-4 are summarized in Table 1, in
which the corresponding data for 2-thienyl-2-thiazole (the
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Table 1: Photophysical® and electrochemical® data.

Absorption  Fluorescence v
Compound s loge A  Df E VI Eypp [VIH
[nm] [nm]
2-thienyl-2-thiazole 313 415 373 0114 295
la 333 411 452 0.099 241 230
2 (H-H) 443 442 492 006 —200 —1.94
3 (H-T) 427 455 48  0.07¢ 208 —2.00
4 (T-T) 414 451 472 0.09¢ 206 —1.99
Alg, —2.361
PBD —2.40'¢ 237t

[a] In THF. [b] In THF with Bu,N*PF,~ at a scan rate of 100 mVs™".
[c] Potentials vs. ferrocene/ferrocenium. [d] Determined with quinine
sulfate as a standard. [e] Determined with perylene as a standard.
[f] Ref. [19a] (determined under conditions similar to those described
above). [g] Ref.[19b] (determined in N-methylpyrrolidine with
Bu,N*BF,"). CV=cyclic voltammetry.

parent molecule of 1a without the boryl group), tris(8-
hydroxyquinoline)aluminum (Alqs;), and 2-(4-biphenyl)-5-(4-
tert-butylphenyl)-1,3,4-oxadiazole (PBD) are included for
comparison. While the monomer 1a displays an absorption
band at 333 nm, the dimers 24 display absorption maximum
wavelengths in the range 414-443 nm. The boryl-substituted
thienylthiazoles 1a and 2-4 show weak fluorescence emis-
sions in the range 452-492 nm. Electrochemical data were
determined by cyclic voltammetry and showed an irreversible
reduction wave with a peak potential at £, =—2.95 V for the
parent 2-thienyl-2-thiazole. In contrast, boryl-substituted 1a
exhibited a reversible reduction wave, as evident from the
areas and proximity of the anodic and cathodic peaks, at a less
negative peak potential (E,,=—2.41 V). This result demon-
strates that the formation of the intramolecular B-N coordi-
nation not only decreases the reduction potential but also
stabilizes the produced radical anion. In addition, the
extension of the & conjugation on going from the monomer
1a to the dimers 2—4 also shifts the reduction potential to
more positive values by about 0.3-0.4V (E,:2 -2.00V, 3
—2.08V, 4 —2.06 V); however, the regiochemistry of the
dimer structure does not significantly affect the reduction
potential. Notably, the reduction potentials of the dimers 2—4
are less negative than those of Alg; (E,.=—2.36 V)" and
PBD (E,.=—2.40 V), which is indicative of the possible
application of 2—4 as electron-transporting materials.

We conducted density functional theory (DFT) calcula-
tions (B3LYP/6-31G(d) level) on the H-H dimer 2 and its
parent analogue, the thienylthiazole dimer 5. Boryl-substi-
tuted 2 has a lower-lying LUMO (by 0.33 eV) than that of 5.
Notably, while both of these compounds have a similar
LUMO shape over the entire m-conjugated framework, a
difference is observed in their electrostatic-potential maps
(Figure 2). In the skeleton of 2, the thiazole moiety is clearly
electronically more positive than the thiophene moiety, thus
demonstrating that the B-N coordination enhances the
electron-accepting nature of the thiazole ring.

X-ray crystallographic analyses on 2-4 revealed that all
the dimers have highly m-conjugated coplanar frameworks,
each with a dihedral angle of 0° between the monomer units,
thus indicative of effective m conjugation extended through
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Figure 2. Comparison of electronic structure between 2 and its parent
analogue 5: a) Pictographic drawings of LUMOs and b) electrostatic-
potential maps, in which a dimethylboryl analogue 2" is employed as a
model of 2, clearly show the difference in the electrostatic nature
between the thiazole and thiophene rings in 2'.

the dimer skeletons. The H-H dimer 2 forms an interesting -
stacking structure (Figure 3).'" In this structure, the mole-
cules are arranged in an offset face-to-face m-stacking array
with an interplanar distance of 3.60 A, such that the
thiophene moiety and the thiazole moiety are facing each
other (Figure 3a). The intermolecular electrostatic interac-
tion might be partly responsible for the formation of this
packing structure since the thiophene and the thiazole
moieties in the skeleton of 2 can be regarded as electron-
donating and electron-accepting moieties, respectively. In
conjunction with this solid-state structure, it is noteworthy
that 2 has a relatively high electron mobility of u=1.5x
10~ em?*V~'s71 Y while this compound did not show any
hole-transporting ability, according to a preliminary time-of-
flight (TOF) carrier-mobility measurement on its vacuum-
deposited film.

In summary, the boryl-substituted thienylthiazole 1a was
designed and synthesized as a new building unit for electron-
transporting materials. On the basis of the regioselective
functionalization of 1a, a series of regioisomeric dimers was
also prepared. The studies of their structures and properties
showed that the intramolecular B-N coordination effectively
fixes the m-conjugated framework in a planar fashion and
substantially affects the electronic structure through an
increase in the electron affinity. These results clearly demon-
strate the potential of this molecular design for electron-
transporting materials. Importantly, the present concept is
simple and general, and should be applicable to other N-
heteroaromatic ring-based m-electron systems. Further devel-
opment of new n-type semiconducting materials along this
line is now in progress.
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Figure 3. a) Structural formula and perspective view of the crystal
packing in 2 and b) side view of the one-dimensional & stacking in 2.
Hydrogen atoms are omitted for clarity, and only the ipso-carbon atom
from each mesityl group is shown in (b).

Experimental Section
Full experimental details and analytical data can be found in the
Supporting Information.

1a: A solution of nBuLi (16.8 mL, 1.60M in hexane, 26.9 mmol)
was added dropwise to a solution of (3-bromo-2-thienyl)-2-thiazole
(6.61 g, 26.9 mmol) in diethyl ether (150 mL) at —78°C. After the
mixture was stirred at —78°C for 1.5 h, a solution of dimesitylfluor-
oborane (7.27 g,26.9 mmol) in diethyl ether (50 mL) was added to the
mixture by cannula. The reaction mixture was gradually warmed to
room temperature and stirred for 4 h. The solvent was removed under
reduced pressure, and the mixture was purified by silica gel column
chromatography (CH,CL,, R;=0.53). Recrystallization from a mixed
solvent of CH,Cl,/hexane gave 8.36 g (20.1 mmol) of 1a as pale
yellow crystals in 75% yield. M.p. 233-235°C; '"H NMR (270 MHz,
CDCL): 6=7.69 (d, Jyz=52Hz, 1H), 7.46 (d, Jyy=06.8 Hz, 1H),
7.25 (d, Jun=6.8 Hz, 1H), 6.99 (d, Juz=5.2 Hz, 1H), 6.67 (s, 4H),
221 (s, 6H), 1.88 ppm (s, 12H); *C NMR (100 MHz, CDCl,): 6 =
166.6, 139.9, 137.2, 134.0, 133.3, 130.7, 129.4, 129.1, 116.3, 24.3,
20.8 ppm (two peaks for the boron-bound carbon atoms are not
observed as a result of quadrupolar relaxation); "B NMR (128 MHz,
CDCly): 0=3.52 ppm; EI-MS: m/z: 415 [M*]. Elemental analysis
caled (%) for C,sH,sBNS,: C 72.28, H 6.31, N 3.37; found: C 72.26, H
6.25,N, 3.28.
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