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Abstract—The synthesis, optical, and electrochemical properties of semi-conducting co-oligomers of biphenyl/oligothiophenes and
homo-oligophenylenes derived from a precursor 4-bromo-4'-(n-butyl)-2,2’-biphenyl, which was synthesized by a direct alkylation

from 4,4’-dibromo-2,2'-biphenyl using n-butyl lithium, are reported.

© 2003 Elsevier Ltd. All rights reserved.

During the last two decades, conducting oligomers and
polymers have attracted tremendous attention in a
variety of areas such as organic light-emitting diodes,
field-effect transistors, solar cells, and photocopiers.'
Among various conducting polymers, oligothiophene-
based materials and polyphenylenes have been inten-
sively investigated.? Interest in the former derives from
their well-defined structures, and the feasibility of tuning
their processability, optical, and electrochemical prop-
erties by simple structural modifications.> For example,
extension of the m-conjugation length with other aro-
matic rings,* introduction of different terminal groups
into the backbones® and bridging oligothiophene arms
with different linkers® have greatly influenced the opti-
cal, electrochemical, and thermal properties of oligo-
thiophenes. Polyphenylenes, on the other hand, have
attracted much attention because of their liquid crys-
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talline properties, light-emitting properties and superior
thermal stability.” Thiophene/phenylene co-oligomers
have been shown to be potential solid-state lasing
materials.® In this communication, we report the syn-
thesis, optical, and electrochemical properties of several
biphenyl-oligothiophene co-oligomers and their homo-
oligophenylene analogues.

The synthesis of the oligomers is shown in Scheme 1.
Compound 1 was prepared previously by a two-step
method, however, no characterization data was
reported.’ By using the commercially available n-BuLi
as an alkylating agent, 1 was synthesized in 63% yield
more efficiently. We anticipated that replacement of one
bromo group in the starting compound by an n-butyl
group would minimize the formation of byproducts in
subsequent reactions and improve the solubility of its
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Scheme 1. Reagents and conditions: (i) [NiCl,(dppp)], THF, refluxing; (ii) [Pd(PPHj3),], toluene/2 M K,COs (3:2, v/v), refluxing.

Keywords: Oligothiophene; Oligophenylene; Semi-conducting oligomers; Light emitting; Electrochemical properties.
* Supplementary data associated with this article can be found, in the online version, at doi:10.1016/j.tetlet.2003.12.016
* Corresponding author. Tel.: +65-68748380; fax: +65-68727528; e-mail: cb-he@imre.a-star.edu.sg

0040-4039/$ - see front matter © 2003 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tetlet.2003.12.016


mail to: cb-he@imre.a-star.edu.sg

mail to: cb-he@imre.a-star.edu.sg


1508 X.-M. Liu et al. | Tetrahedron Letters 45 (2004) 1507-1510

oligomeric derivatives in organic solvents. Compounds
2, 5, and 6 were prepared by the Grignard coupling
method using [NiCly(dppp)] as a catalyst, and were
obtained in 45%, 42%, and 62% yields, respectively.
Suzuki couplings of 4-bromo-4'-(n-butyl)-2,2'-biphenyl
with 2,2'-bithiophene-5-boronic acid and 2,25 2" ter-
thiophene-5-boronic acid yielded 3 and 4 in 31% and
28% yields, respectively. Compounds 1-6 were fully
characterized by 'H NMR, 3C NMR, MS, and micro-
analysis.!°

Figures 1 and 2 show the UV and emission spectra of
1-6 in THF, respectively. A summary on their optical
data is given in Table 1. The thiophene/phenylene
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Figure 1. The UV spectra of compounds 1-6 in THF (1x 107> M).
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Figure 2. The FL emission spectra of compounds 2-6 in THF
(I1x1073 M).

Table 1. Photophysical data for compounds 1-6*

Absorption Emission (An,) Quantum
T () ex 10° (fwhm) yield (%)°
M~ e¢m™!
1 263 8.1 — —
2 318, 237 42,18 396 (63) 25
3 359, 238 7.6, 2.6 435 (66) 20.8
4 403, 260 119,72 487 (88) 20.7
5 299 4.9 370 (49) 5.5
6 321 3.8 382 (53) 17.5

#Determined in THF solutions, sample solutions are around
1x1073 M. The emission spectra were taken by excitation at their
longest wavelength absorption maxima.

® Determined in THF solutions (4 < 0.2) at room temperature using
quinine sulfate solution (ca. 1.0 x 107> M) in 0.01 M H,SO, (quantum
yield, 55%) as a standard.

co-oligomers 2-4 exhibit two absorption bands, the
strong absorption band at longer wavelength being
assigned to the m — n* electron transfer of the entire
chromophore, and the less intense band to the ©1 — =«*
local excitation of the hetero-nucleus.!' The absorption
maxima of 2-4 are red shifted significantly relative to
their parent oligothiophene chromophores,!! due to the
conjugation with the biphenyl unit. The absorption
maxima of 2-4 show a significant red shift with increase
in conjugation length, as expected. In contrast, all the
three homo-oligophenylenes 1, 5, and 6 exhibit one
major strong structureless peak, associated with the
n — 1* electron transfer of the entire chromophores.
Compounds 2-4 emitted indigo to blue light with their
maximum emission wavelengths being red shifted with
increase in conjugation length. The starting compound 1
is virtually nonemissive, whereas the emission spectra of
5 and 6 center in the UV range. The absorption and
emission wavelength maxima of 6 are red shifted
significantly relative to 5, with its quantum efficiency
being significantly higher, due to a higher degree of
conjugation.'” A comparison of the optical properties of
3 and 5, both of which have four aromatic rings, but
with the former being a co-oligomer of biphenyl-
bithienyl whereas the latter is a homo-oligomer of
phenylene, shows that both the absorption and emission
maxima of 3 red shift dramatically compared to those of
5. Furthermore, 3 exhibits a significantly higher quan-
tum yield than 5.
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Figure 3. Single-scan cyclic voltammograms in 0.1M Buy;NBF,-
CH,Cl,, scan rate 100mV/s: (a) 1, 6.0x10™*M; (b) 6, about
1.0x 1074 M.
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Figure 4. Single-scan cyclic voltammograms in 0.1M BuyNBF;—
CH,Cl,, scan rate 100mV/s: (a) 2, 2.7x10~* M; (b) 4, saturated solu-
tion.
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Table 2. Summary of the peak oxidation (E,,) and re-reduction (£,.) potentials from CV curves

Compound 1 2 3 4 5 6
Ep (V)20 1.60 1.06 0.96, 1.35 0.73, 0.93, 1.04 1.26 0.88, 1.12
Epe (V)*° 1.07, -0.67 0.88, —0.62 0.31, 0.66, 1.11, —0.52 0.36, 0.58, 0.91, —-0.50, —1.33 1.10, =0.50 1.07, —=0.50

2E (V) versus Ag/AgCl.
®The underlined values are poorly resolved.

Cyclic voltammetry (CV) was employed to study the
electrochemical properties of 1-6. Figure 3 shows the
solution state CV curves of 1 and 6. The CV curve of 1
does not show a well-defined oxidation peak during the
anodic scan, but it was oxidized as indicated by the
dramatic increase of anodic current and the sharp color
change from colorless to purple red (Fig. 3a). The CV
curve of 5 (not shown) is similar to that of 1, but that of
6 exhibits two ill-defined oxidation peaks (Fig. 3b).
Continuous cathodic scan of 1, 5, and 6 up to —2.8V
produced one peak in the range —0.5 to —1.5V, but after
that, neither color change nor the detection of reduction
peak were observed. The last observation indicates the
unavailability of a reduction process for these com-
pounds. The peaks in the range —0.5 to —1.5V are
attributable to the re-reduction of the oxidation state,
which is not completed in the positive potential range.
Large potential differences between anodic and cathodic
peaks have been ascribed to the occurrence of chemical
and/or structural changes after oxidation.!?

Compounds 2, 3, and 4, which contain both phenylene
and thiophene rings in the oligomer chain, were more
easily oxidized. Compound 4 is yellow in its neutral
state. When the potential was scanned anodically to
1.3V and then cathodically, the compound was oxidized
and then re-reduced with three peaks detected in both
the anodic and cathodic directions (Fig. 4b). During this
process, blue colored material was produced at/near the
electrode surface in the anodic scan and then the yellow
color was recovered gradually in the back scan. The CV
curve of 3 displayed two peaks in both anodic and
cathodic scans, while that of 2 yielded only one (Fig. 4a).
Reversibility of the redox processes also decreased on
going from 4 to 2. Like 1, 5, and 6, a continuous scan of
2-4to —2.2 V or even more negative potential produced
only one or two peaks in the range —0.5 to —1.5V, due
to the re-reduction of the oxidation processes. This
suggests that the reduction process of all the compounds
is actually inaccessible in CH,Cl, solution.

The peak oxidation (E,,) and re-reduction (E,) poten-
tials of all the compounds are compiled in Table 2. The
results suggest that more phenylene or thiophene rings
in the oligomer chain gives rise to a lower oxidation
potential. This is in accordance with the longer conju-
gation length achieved.'* The CV curves of 3, 4, and 6
display more than one peak in the anodic scan and the
number of the accessible peaks increases with increase in
the chain length. Similar observations were reported for
high conjugated co- and homo-oligomers of thiophene
and phenylene.!*>!4515 The multi-peaks are usually
assigned to multi-electron processes, that is, the forma-
tion of radical cation, dication, radical trication, and
even higher oxidation states of the oligomers.

In summary, several co-oligomers of biphenyl-oligothio-
phenes (2-4) and homo-oligophenylenes (5, 6) were
synthesized from a precursor compound 4-bromo-4'-(n-
butyl)-2,2'-biphenyl 1, which was synthesized by a direct
alkylation using n-butyllithium. The oligomers were
emissive of violet to blue light with their emission
maxima being adjustable by the conjugation length and
aromatic structures. The CV studies revealed that all the
oligomers were oxidized in solution and some of them
displayed multi-electron processes in anodic scan, sug-
gesting the formation of more than one oxidation state.

Acknowledgements

We are grateful to the Agency for Science, Technology
and Research, Singapore for their financial support.

References and notes

1. Kraft, A.; Grimsdale, A. C.; Holmes, A. B. Angew. Chem.,
Int. Ed. 1998, 37, 402-428.

2. Roncali, J. Chem. Rev. 1992, 92, 711-738.

3. Katz, H. E.; Bao, Z.; Gilat, S. L. Acc. Chem. Res. 2001, 34,
359-369.

4. Sato, T.; Hori, K.; Fujitsuka, M.; Watanabe, A.; Ito, O.;
Tanaka, K. J. Chem. Soc., Faraday Trans. 1998, 94, 2355~
2360.

5. Tabet, A.; Schroder, A.; Hartmann, H.; Rohde, D.

Dunsch, L. Org. Lett. 2003, 5, 1817-1820.

Edder, C.; Fréchet, J. M. J. Org. Lett. 2003, 5, 1879-1882.

(a) Basu, B.; Das, P.; Bhuiyan, M. M. H.; Jha, S.

Tetrahedron Lett. 2003, 44, 3817-3820; (b) Pei, J.; Ni, J.;

Zhou, X.-H.; Cao, X.-Y.; Lai, Y.-H. J. Org. Chem. 2002,

67, 8104-8113; (c) Meng, H.; Zheng, J.; Lovinger, A. J.;

Wang, B.-C.; Pattern, P. G. V.; Bao, Z. Chem. Mater.

2003, 75, 1778-1787.

8. Hibino, R.; Nagawa, M.; Hotta, S.; Ichikawa, M.
Koyama, T.; Taniguchi, Y. Adv. Mater. 2002, 14, 119-122.

9. Ping, G.; Chien, C. J. Polym. Sci. Polym. Chem. 1998, 36,
2849-2863.

10. Physical data for compounds 1-6. 1: A white solid, mp
155°C. Anal. calcd for CcH;Br: C, 66.45; H, 5.93; Br,
27.63. Found: C, 67.00; H, 5.50; Br, 27.18. '"H NMR
(CDCls): 6 0.98 (t, 3Jug = 7.2 Hz, 3H), 1.42 (m, 2H), 1.67
(m, 2H), 2.68 (t, *Jun = 7.2 Hz, 2H), 7.27 (d, 3Juu = 8.0 Hz,
2H), 7.49 (d, *Juyu =8.8Hz, 2H), 7.52 (d, 3Juy =8.0 Hz,
2H), 7.56 (d, 3Juyy =8.8 Hz, 2H). *C NMR (CDCL): §
14.50, 23.02, 34.03, 36.00, 127.36, 127.58, 127.81, 128.02,
128.19, 129.08, 129.40, 132.42. MS (EI) m/z: 290.0 (M +1,
40%). 2: A yellow solid, mp 221°C. Anal. caled for
CyHxS: C, 82.14; H, 6.89; S, 10.96. Found: C, 81.92; H,
6.35; S, 10.40. '"H NMR (CDCl5):  0.96 (t, *Jyy = 7.2 Hz,
3H), 1.40 (m, 2H), 1.65 (m, 2H), 2.66 (t, *Jyy =7.2Hz,
2H), 7.10 (dd, 3Juyg=3Juyw =4.0Hz, 1H), 7.31 (d,

e



1510

X.-M. Liu et al. | Tetrahedron Letters 45 (2004) 1507-1510

3Jyn =4.0Hz, 1H), 7.37 (d, 3Jyy = 3.6 Hz, 1H), 7.53-7.61
(m, 4H), 7.64 (d, *Juy=84Hz, 2H), 7.70 (d,
3Jun =8.0Hz, 2H). 3C NMR (CDCly): § 14.02, 22.58,
33.89, 35.26, 123.19, 124.96, 126.36, 126.69, 126.91,
127.02, 127.29, 127.68, 127.96, 128.14, 128.93, 139.55.
MS (EI) m/z: 292.5 (M™, 45%). 3: A yellow solid, mp
255°C. Anal. caled for C»H»S,: C, 76.96; H, 5.92; S,
17.24. Found: C, 76.7; H, 5.6; S, 18.0. '"H NMR (CDCl;):
6 0.95 (t, *Jyn = 7.8 Hz, 3H), 1.39 (m, 2H), 1.64 (m, 2H),
2.66 (t, Juu=7.8Hz, 2H), 7.04 (dd, 3Juuy=4.0Hz,
3aw =3.6Hz, 1H), 7.06-7.09 (m, 1H), 7.17 (d,
3Jun =4.0Hz, 1H), 7.23 (d, 3Juu =5.2Hz, 1H), 7.28 (d,
3yn=52Hz, 1H), 74-7.5 (m, 2H), 7.54 (d,
3Jun = 8.0Hz, 2H), 7.60 (d, 3Juu = 8.0Hz, 2H), 7.66 (d,
3Jyn =8.0Hz, 2H). 3C NMR (CDCly): § 14.06, 22.50,
33.87, 35.06, 123.80, 124.39, 124.61, 126.83, 127.41,
127.80, 128.60, 128.79, 129.00, 131.81, 135.90, 136.35,
137.10, 137.44, 138.53, 141.75. MS (EI) m/z: 375.2 (M*,
40%). 4: A yellow solid, mp 276°C. Anal. caled for
CysH»4S5: C, 73.64; H, 5.29; S, 21.06. Found: C, 73.70; H,
5.00; S, 20.60. '"H NMR (CDCls): 6 0.95 (t, 3Jyy = 7.2 Hz,
3H), 1.40 (m, 2H), 1.64 (m, 2H), 2.66 (t, 3Jyy =72 Hz,
2H), 7.04 (dd, *Jyy =4.0Hz, *Jyy =4.8 Hz, 1H), 6.8-7.4
(m, 3H), 7.16 (d, 3*Juy=3.6Hz, 1H), 7.19 (d,
3Jyn=3.2Hz, 1H), 7.23 (d, 3Jyy =5.2Hz, 1H), 7.25-
7.32 (m, 2H), 7.54 (d, 3Jug=8.0Hz, 2H), 7.61 (d,
3Jyn =8.4Hz, 2H), 7.66 (d, *Jyy=8.0Hz, 2H). "°C
NMR (CDCly): 6 14.12, 22.58, 33.80, 35.20, 124.14,
124.59, 124.81, 124.93, 125.02, 126.32, 127.12, 127.30,
127.80, 128.30, 128.31, 129.34, 133.07, 133.57, 135.26,
136.64, 138.11, 139.53, 140.79, 142.78. MS (EI) m/z: 456.7
(M, 35%). 5. A white solid, mp 276 °C. Anal. calcd for
CyHye: C, 92.77; H, 7.23. Found: C, 93.01; H, 7.05. 'H
NMR (CDCls): 6 0.96 (t, 3Juyy = 7.2 Hz, 3H), 1.40 (m, 2H),
1.64 (m, 2H), 2.66 (t, Juz=7.2Hz, 2H), 7.29 (d,
3JHH:80 HZ, ZH), 7.37 (dd, 3JHH:3JHH’ =738 HZ, lH),
7.48 (dd, 3Jgg=8.0Hz, 3Juw =7.8Hz, 2H), 7.56 (4,
3Jun =8.0Hz, 2H), 7.67 (d, 3Juy =7.8Hz, 2H), 7.57-

11.

12.

13.

14.

15.

7.87 (m, 8H). C NMR (CDCl): 6 14.33, 22.77, 34.01,
35.64, 123.19, 124.96, 126.36, 126.69, 12691, 127.02,
127.29, 127.68, 127.96, 128.14, 128.93, 139.55, 127-129
(m). MS (EI) m/z: 362.5 (M", 36%). 6: A light-yellow
semi-solid. Anal. caled for C4Hsp: C, 90.72; H, 9.28.
Found: C, 91.42; H, 9.05. '"H NMR (CDCl;): § 0.85-0.94
(m, 9H), 1.15-1.28 (m, 16H), 1.53 (m, 2H), 1.78 (m, 2H),
2.09 (m, 2H), 2.16 (m, 2H), 2.79 (t, 3Jun =7.2 Hz, 2H),
7.37 (dd, *Jyuy = 7.8 Hz, 2H), 7.45 (d, *Juyu = 8.4 Hz, 4H),
7.64 (d, 3Jup =8.0Hz, 2H), 7.71-7.79 (m, 3H), 7.83 (d,
3Juu = 7.8 Hz, 2H), 7.89-7.93 (m, *Juyu = 8.0 Hz, 2H). °C
NMR (CDCl,): ¢ 14.32, 22.76, 22.90, 24.04, 30.05, 31.82,
33.99, 35.63, 40.72, 55.33, 55.49, 119.95, 120.04, 123.16,
124.96, 126.99, 127.14, 127.29, 127.67, 127.80, 129.10,
129.25, 138.84, 141.43, 142.05, 126-128 (m). MS (EI) m/z:
543.0 M, 30%).

Chaloner, P. A.; Gunatunga, S. R.; Hitchcock, P. B.
J. Chem. Soc., Perkin Trans. 2 1997, 1597-1604.

Neher, D. Macromol. Rapid Commun. 2001, 22, 1365-
1385.

(a) Yamamoto, T.; Zhou, Z.-H.; Kanbara, T.; Shimura,
M.; Kizu, K.; Maruyama, T.; Nakamura, Y.; Fukuda, T.;
Lee, B.-L.; Ooba, N.; Tomaru, S.; Kurihara, T.; Kaino,
T.; Kubota, K.; Sasaki, S. J. Am. Chem. Soc. 1996, 118,
10389-10399; (b) Guerrero, D. J.; Ren, X.; Ferraris, J. P.
Chem. Mater. 1994, 6, 1437-1443; (c) Meerholz, K.;
Heinze, J. Angew. Chem., Int. Ed. Engl. 1990, 29, 692-695.
(a) Jestin, I.; Frere, P.; Mercier, N.; Levillain, E.;
Stievenard, D.; Roncali, J. J. Am. Chem. Soc. 1998, 120,
8150-8158; (b) Heinze, J.; Mortensen, J.; Miillen, K.;
Schenk, R. J. Chem. Soc., Chem. Commun. 1987, 701-702;
(¢) Elandaloussi, E. H.; Frere, P.; Roncali, J.; Richomme,
P.; Jubault, M.; Gorgues, A. Adv. Mater. 1995, 7, 390-394.
(a) Zotti, G.; Destri, S.; Porzio, W.; Pasini, M.; Rizzo, S.;
Benincori, T. Macromol. Chem. Phys. 2001, 202, 3049—
3056; (b) Casado, J.; Miller, L. L.; Mann, K. R
Pappenfus, T. M.; Hernandez, V.; Navarrete, J. T. L.
J. Phys. Chem. B 2002, 106, 3597-3605.



	Synthesis, optical, and electrochemical properties of conjugated oligomers derived from 4-bromo-4prime-(n-butyl)-2,2prime-biphenyl
	Acknowledgements
	References


