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A class of 3,4-diaryl-2,5-dibromothiophenetb(-5b) was synthesized by a one-pot reaction of 3,4-
diaryl-2,5-dihydrothiophenes with Breagent in excellent yield (8392%). It was found that Biperformed

a double function (oxidation and bromination) during the conversion of 3,4-diaryl-2,5-dihydrothiophenes
to 3,4-diaryl-2,5-dibromothiophenes. The application of 3,4-diaryl-2,5-dibromothiophenes used as building
blocks was also investigated. Employing 3,4-diphenyl-2,5-dibromothiopHdneaé a template, a class

of 2,3,4,5-tetraarylthiophenes was prepared by the Suzuki coupling reaction. This provided a new and
simple approach to the preparation of 2,3,4,5-tetraarylthiophenes.

Introduction blocks in synthesis of natural products or as key structurelinits

_ _ o ) ~of compounds with interesting biological activities but also in
Aryl halides are important synthetic intermediates for a variety the field of material chemistr*

of transformations that range from formation of functionalized 3 4-pisubstituted 2,5-dibromothiophenes are used widely as
aromatic compounds to aryl organometallic reagents that areactive components in the preparation of oligothiophenes or

used in other reactions. Thiophenes are one of the mostygythiophenes, which have proven to be one of the most
important class of heterocyclic compounds, not only as building promising functional materials as a result of their intrinsic

electron-rich nature, thermal stabilities, and special optical and
(1) (a) Gribble, G. W. InComprehensie Heterocyclic Chemistry electrical propertie8.Synthesis of 3,4-disubstituted 2,5-dibro-
Katrltzky, A. R., Rees, C. W., Scriven, E. F. V., EdS, Pergamon: Oxford, mothlophenes |S Cha”eng|ng because the preferred S|tes for

1996. (b) Press, J. B. IThe Chemistry of Heterocyclic Compounds: . -
Thiophene and Its Deatives Gronowitz, S., Ed.; John Wiley & Sons,  €lectrophilic substitution are C-2 and C-5 rather than C-3 and

Inc.; New York, 1991. (c) Press, J. B.; Russell, R. K.Rnogress in C-4. The preparation of 3,4-disubstituted-2,5-dibromothiophenes
Heterocyclic ChemistrySuschitzky, H., Scriven, E. F. V., Eds.; Pergamon  ysually involves two steps: modification of 3,4-dibromothiophene

Press: Oxford, 1992. . . o . .
(2) () Brown, K.- Cavalla, J. F. U.S. Patent 3,644,399, 1972. (b) Brown, &1d then bromination of 3,4-disubstituted thiopheh&me

K.; Cavalla, J. F. U.S. Patent 3,743,656, 1973. (c) Talley, J. J.; Bertenshaw, disadvantages to this approach include the use of expensive
S.R,; Collins, P. W.; Penning T. D.; Reitz, D. B.; Rogers, R. S. U.S. Patent reagents, low yields, and strict reaction conditions. This is
7,030,153 B2, 2006. i i i _di 2 5_dibro-
(3) (a) Roncali, JChem. Re. 1992 92, 711. (b)Handbook of Oligo- particularly true in the preparation of 3,4-diaryl-2,5-dibro
and Polythiophenegrichou, D., Ed.; Wiley-VCH: Weinheim, Germany,
1999. (c) Katz, H. E.; Bao, Z.; Gilat, S. lAcc. Chem. Re2001, 34, 359. (5) () Liu, B.; Yu, W.-L.; Lai, Y.-H.; Huang, WMacromolecule200Q
(4) (&) Murphy, A. R.; Frechet, J. M.; Change, P.; Lee, J.; Subramanian, 33, 8945. (b) Yassar, A.; Demanze, F.; Jaafari, A.; Idrissi, M. E.; Coupry,
V. J. Am. Chem. So@004 126, 1596. (b) Otsubo, T.; Aso, Y.; Takimiya, C. Adv. Funct. Mater.2002 12, 699. (c) Casado, J.; Pappenfus, T. M.;
K. J. Mater. Chem2002 12, 2565. (c) Okazawa, T.; Satoh, T.; Miura, M.; Miller, L. L.; Mann, K. R.; Orti, E.; Viruela, P. M.; Pou-Amerigo, R.;
Nomura, M.J. Am. Chem. So2002 124 5286. (d) Newman, C. R.; Frisbie, Hernandez, V.; Lopez Navarrete, J.JTAm. Chem. So2003 125 2524.
C. D,; de Silva Filho, D. A.; Bredas, J.-L.; Ewbank, P. C.; Mann, K. R.  (d) Pappenfus, T. M.; Mann, K. FOrg. Lett.2002 4, 3043. (e) Mazzeo,
Chem. Mater2004 16, 4436. (e) Facchetti, A.; Yoon, M.-H.; Marks, T. J. M.; Vitale, V.; Sala, F. D.; Pisignamo, D.; Anni, M.; Barbarella, G.;
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mothiophenes. Herein we present a new approach to the

preparation of 3,4-diaryl-2,5-dibromothioiphenes. It is found that .
3,4-diaryl-2,5-dihydrothiophenes, which were easily obtained g(
from inexpensive starting materials, are converted to 3,4-diaryl- . .
2,5-dibromothiophenes by one-pot reaction with iBrexcellent e 18 ’
yields. FIGURE 1. *H NMR spectral of4b—d.
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Results and Discussion . L o .
Further investigation found that three main intermediates were

The starting materials 3,4-diaryl-2,5-dihydrothiophenes (Scheme detected by TLC plate during the conversiorafto 4b. Three
1) were prepared according to the literafustarting from products were isolated by flash column in yields of 258)(
acetophenone and its derivatives, which were brominated at the35% (4c), and 23% 4d), respectively, and their structures were
2-position with B in CHCl;. After sulfuration of bromoac-  identified by *H NMR (Figure 1) and MS spectrometry. As
etophenone and its derivatives withJ$an EtOH, the sulfides demonstrated in Figure 1, the single peak, whose chemical shift
were coupled via the McMurry coupling reaction to affdrat- is around 7.30 ppm, attributes to the proton of thiophene ring.
5ain good yields (76-83%). Comparing the intensity of chemical shifts around 7.30 ppm

3,4-Diaryl-2,5-dibromothiophene&lf—5b) were obtained by ~ found that there are two protons féc, one proton forid, and
treatment of 3,4-diaryl-2,5-dihydrothiophends{5a) with Br, no proton for4b. Moreover,. the mass spectral analysisibf .
in dichloromethane (DCM) as shown in Scheme 2. The reaction 4< and4d showed the relative abundance of the molecular ion
was simple and quick: the mixture was stirred at room (4b, Mz = 552;4c, m/z = 394, 4d, m'z = 473) was 100%,
temperature until no further starting material was detected by espectively. Additionally, it was found that bo#t and 4d
TLC plate (0.5-1 h). The solution was washed with water, Were qu[ckly converted tdb during the reaction (Spheme 3).
NaHCGQ; (10%), and saturated NaCl solution, respectively, and AlS0, neitherdc nor 4d be could obtained as a major product
extracted with DCM. The combined organic solution was dried Py the modification of the reaction such as decreasing the
over MgSQ. After evaporation of the solvent, the target amount of Bg or the shortness of the reaction time. In these

compounds1b—5b) were obtained without further purification ~ ¢@ses, the starting material was not completely consumed. It
in excellent yields (8392%). was worth noting that increasing the amount of 8om 2.5 to

3.0 equiv or more could not raise markedly the yield of target
compound but cut down the reaction time. Similar results were

(6) (a) Xie, L.-H.; Huo, X.-Y.; Tang, C.; Hua, Y.-R.; Wang, R.-J.; Chen,

R.-F.; Fan, Q.-L.; Wang, L.-H.: Wei, W.; Peng, B.: Huang, @fg. Lett. observed when other 3,4-diaryl-2,5-dihydrothiophenes converted

2006 8, 1363. (b) Sun, X.; Liu, Y.; Chen, S.; Qiu, W.; Yu, G.; Ma, Y.; Qi, into 3,4-diaryl-2,5-dibromothiophenes.

$-?Tzh?£‘§é:dl? X,\,u’.)égﬁhuT’DﬁqU}'q;m:t' '\H"ff‘tf;ﬁoce’? #gt?;hl-é%?izgv To extend the scope of the conversion, 1,3,4-triaryl-2,5-

2007 48, 845, 9t Ml angen, ' dihydropyrrole 6a), which was prepared according to the
(7) (@) McMurry, J. E.; Kees, K. LJ. Org. Chem1977, 42, 2655. (b) literature® was employed as a model compound. It was found

Nakayama, J.; Machida, H.; Hoshino, Wetrahedron Lett1985 26, 1981. that 1,3,4-triaryl-2,5-dihydropyrroléa could also be converted

(c) Chen, Y.; Zeng, D. X.; Fan, M. GDrg. Lett.2003 5, 1435. (d) Huang,
Z.-N.; Xu, B.-A; Jin, S.; Fan, M.-GSynthesis998 1092. (e) Chen, Y,;
Zeng, D. X.; Xie, N.; Dang, Y. ZJ. Org. Chem2005 70, 5001. (f) Xie,
N.; Chen, Y.J. Mater. Chem2006 16, 982. (8) Zeng, D. X.; Chen, YSynlett2006 490.

to 1,3,4-triaryl-2,5-dibromopyrroléb in a good yield of 75%
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(Scheme 4). It suggested that,Bras also efficient for the 8 (80%)
preparation of 1,3,4-triaryl-2,5-dibromopyrroles.

It is known that the performance of a functional material is \S/ \S/ \S/
strongly dependent on its molecular organization and stru@ture. (’S\XB(OH)
2,3,4,5-Teterarylthiophenes possess interesting photophysical - . ) O
and electrochemical properties and are useful as the charge-Br S g N
transporting material in optoelectronic devié¢é4n this paper, \ Suzuki 9 (85%)
3,4-diphenyl-2,5-dibromothiopheriéh was employed as tem- — B(OH),
plate and the application b as building block to the synthesis O Q Coupling g 8 S g
of 2,3,4,5-tetrathiophenes was also investigated. As presented  1b \

in Scheme 5, treatment ofb with various commercially
available boronic acid reagents provided compoubaish in
good yields (76-85%). Both electron-donating and electron-
accepting of substituents of boronic acid reagents have no
significant effect on the coupling reaction, suggesting that 3,4-
diphenyl-2,5-dibromothiopherih was efficient for the Suzuki
coupling reaction.

The photophysical properties dfc—h were preliminarily
investigated. Figure 2 represented the absorption and emission
spectra oflg in CH.Cl,. It is found that the absorption and
emission maxima located at 370 nm and 464 nm, respectively.
A small fluorescence quantum yielgs(= 0.081, in CHCI,)
was obtained by using coumarin 30% € 0.58, in CHCN) as

12 (85%)

(9) (&) Wong, M. S.; Li, Z. H.; Tao, Y.; D’lorio, MChem. Mater2003
15, 1198. (b) Mori, A.; Sekiguchi, A.; Masui, K.; Shimada, T.; Horie, M.;
Osakada, K.; Kawamoto, M.; lkeda, J.Am. Chem. So2003 125, 1700.

(c) Morin, J. F.; Drolet, N.; Tao, Y.; Leclerc, MChem. Mater2004 16,
4619. (d) Leclerc, N.; Sanaur, S.; Galmiche, L.; Mathevet, F.; Attias, A. J.;
Fave, J. L.; Roussel, J.; Hapiot, P.; Lemaitre, N.; GeffroyCBem. Mater
2005 17, 502.

(10) (a) Le, Y.; Umenoto, Y.; Kaneda, T.; Aso, Qrg. Lett.2006 8,
5381. (b) Sun, X.; Zhou, Y.; Wu, W.; Liu, Y.; Tian, W.; Yu, G.; Qi, W.;
Chen, S.; Zhu, DJ. Phys. Chem. B006 110, 7702. (c) Xing, Y.; Xu, X;
Wang, F.; Lu, POpt. Mater 2006 29, 407. (d) Naudin, E.; EI Mehdi, N.;
Soucy, C.; Breau, L.; Belanger, Bhem. Mater2001, 13, 634. (e) Tanaka,
E.; Nishizawa, T.; Yamada, Y.; Itoh, H.; Yamaguchi, A.; Nakatsuka, M.
U.S. Patent 5,023,343, 1991.

a reference. Similar results were obtained when other com-
pounds were measured in solution exceptidy in which no
emission was observed. The photophysical datdofh are
listed in Table 1.

Conclusion

A new approach for the preparation of 3,4-diaryl-2,5-
dibromothiophenes has been developed. The reaction has several
advantages, such as inexpensive starting material, simple

J. Org. ChemVol. 72, No. 18, 2007 6903
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TABLE 1. Photophysical Data of Compounds leh in DCM

compd Aapd™ (Nnm) € (x10% Aen{™@ (NM) o
1c 320 1.87 418 0.029
1d 310 1.75
le 350 1.77 446 0.021
1f 300 1.75 417 0.020
19 370 3.01 464 0.081
1lh 330 1.98 418 0.098

procedure, and excellent yield. With 3,4-diaryl-2,5-dibro-

Dang and Chen

General Procedure for the Preparation of Compounds 1e
1h. To a solution oflb (0.5 mmol) in anhydrous THF (15 mL)
were added Pd(PRB)fa (3 mol %) and a solution of gCOs solution
(2.5 M, 2 mL). The resulting solution was stirred for 10 min at
ambient temperature. To the resulting solution was added the
corresponding boronic acid reagent (1.5 mmol) under nitrogen, and
the reaction was monitored by TLC. After no further starting
materiallb was detected by TLC, # (20 mL) was added to the
residue, and the product was extracted withCE(3 x 20 mL).
The combined organic phase was washed wit® K30 mL) and
a saturation solution of NaCl (30 mL), respectively, and dried over

mothiophenes, a class of 2,4,5,6-tetraarylthiophenes has alsd9SQ:. After evaporation of the solvent, the crude product was

been prepared in good yields. These may provide a useful

synthetic route to the preparation of 3,4-diaryl-2,5-dibro-
mothiophenes and 2,3,4,5-tetraarylthiophenes.

Experimental Section
General Procedure for the Preparation of Compounds 1b-

6b. To the solution ofla—6a (1.0 mmol) in DCM (15 mL) was
added Bj (2.5 mmol) in DCM (10 mL). The mixture was stirred

purified by flash column chromatography (PE-EtOAL]. Yield:
82%. Mp= 204—205°C.H NMR ¢: 7.16-7.10 (m, 10H), 6.96
6.94 (m, 4H), 6.76:6.74 (d,J = 8.8 Hz, 4H), 3.77 (s, 6H)!3C
NMR o: 158.9, 138.8, 137.8, 136.9, 131.0, 130.5, 127.9, 127.0,
126.6, 113.9, 55.3. HRM&Vz calcd for GoH,40,S 448.1497,
found 448.1495 (100%). Anal. Calcd foggEl,40,S: C, 80.40; H,
5.39. Found: C, 80.38; H, 5.33d. Yield: 80%. Mp = 174—
176°C.H NMR o: 8.14 (t, 2H), 8.09 (dJ = 8.2 Hz, 2H), 7.51
(d,J=7.9 Hz, 2H), 7.39 (t, 2H), 7.227.15 (m, 6H), 6.98 (d) =

7.6 Hz, 4H)13C NMR o: 148.4, 141.6, 136.8, 135.7, 135.2, 135.0,

at room temperature until no further starting material was detected 130.6, 129.5, 128.5, 127.7, 124.0, 122.4. HRRW&: calcd for

by TLC. The solution was washed with water (50 mL), NaHCO

CogH18N04S 478.0987, found 478.0985 (100%). Anal. Calcd for

(10%, 50 mL), and saturated NaCl solution (50 mL), respectively, CoaHigN20sS: C, 70.34; H, 3.79. Found: C, 70.38; H, 3.72.
and extracted with DCM. The combined organic solution was dried Yield: 85%. Mp= 155-156°C.H NMR ¢: 7.22-7.19 (m, 6H),
over MgSQ. After evaporation of the solvent, the target compounds 7.12-7.09 (m, 6H), 6.97 (dJ = 3.6 Hz, 2H), 6.90 (ddJ; = 5.0

were obtained without further purificatiofib. Yield: 91%. Mp=
150-151°C.1H NMR 6: 7.25-7.23 (m, 6H), 7.07%7.05 (m, 4H).
13C NMR 6: 142.4, 134.6, 130.3, 128.1, 127.8, 109.7. HRMS
m/z calcd for GeH10Br,S 393.8849, found 393.8853 (100%). Anal.
Calced for GgH10Br.S: C, 48.79; H, 2.56. Found: C, 48.81; H,
2.51.2b. Yield: 88%. Mp=129-130°C.*H NMR ¢: 7.25 (d,J

= 8.5 Hz, 4H), 6.99 (dJ = 8.4 Hz, 4H).13C NMR ¢6: 140.9,
134.1, 132.7, 131.6, 128.6, 110.4. HRM%z calcd for GeHg-
Br,Cl,S 461.8070, found 461.8071 (100%). Anal. Calcd fesHs-
Br.Cl,S: C, 41.61; H, 1.75. Found: C, 41.58; H, 1.3b. Yield:
95%. Mp= 103-104°C.*H NMR ¢: 7.06 (d,J = 7.9 Hz, 4H),
6.96 (d,J = 8.0 Hz, 4H), 2.30 (s, 6H):)C NMR o: 142.3, 137.5,
131.7, 130.1, 128.8, 109.4, 21.4. HRMSz calcd for GgHis
Br,S 421.9162, found 421.9160 (100%). Anal. Calcd fagHGs-
Br,S: C, 51.24; H, 3.34. Found: C, 51.28; H, 3.2&. Yield:
80%. Mp= 132-134°C.H NMR ¢6: 7.41 (d,J = 8.5 Hz, 4H),
6.93 (d,J = 8.4 Hz, 4H).13C NMR ¢6: 140.8, 133.1, 131.9, 131.6,
122.4, 110.4. HRMSWwz calcd for GeHgBrsS 551.7039, found
551.7040 (100%). Anal. Calcd for,€HgBr,S: C, 34.83; H, 1.46.
Found: C, 34.88; H, 1.4%b. Yield: 89%. Mp= 78-79°C.H
NMR §: 7.75-7.73 (m, 6H), 7.62 (d) = 8.6 Hz, 2H), 7.477.41
(m, 4H), 7.11 (ddJ; = 8.5 Hz,J, = 8.4 Hz, 2H).13C NMR ¢:

Hz, J, = 5.1 Hz, 2H).13C NMR ¢6: 140.1, 136.2, 136.0, 131.3,
130.9, 128.2, 127.5, 127.0, 126.0, 125.7. HRKh&: calcd for
Co4H16S; 400.0414, found 400.0405 (100%). Anal. Calcd for
CoH16Ss: C, 72.06; H, 4.03. Found: C, 72.03; H, 3.98. Yield:
81%. Mp= 203—-205°C. IH NMR ¢: 8.02 (d,J = 7.8 Hz, 2H),
7.84-7.80 (m, 4H), 7.52 (d) = 7.0 Hz, 2H), 7.46-7.38 (m, 6H),
6.96 — 6.91 (m, 10H).13C NMR o: 140.7, 137.5, 136.5, 133.7,
132.9, 132.1, 130.5, 130.0, 128.6, 128.2, 127.6, 126.4, 126.4, 126.3,
126.0, 125.2. HRMSWz calcd for GegH»4S 488.1599, found
488.1602 (100%). Anal. Calcd forsgH,,S: C, 88.58; H, 4.95.
Found: C, 88.54; H, 4.93Lg. Yield: 76%. Mp= 269-271°C.

IH NMR ¢: 7.66-7.64 (m, 4H), 7.3%+7.20 (m, 12H), 7.1#7.14
(m, 4H). 13C NMR ¢: 141.5, 140.1, 139.6, 136.2, 135.6, 132.3,
130.9, 128.3,127.8, 124.6, 123.6, 122.6, 122.1. HRMWS calcd
for CgoH20S; 500.0727, found 500.0733 (100%). Anal. Calcd for
CsoHo0Ss: C, 76.86; H, 4.03. Found: C, 76.81; H, 3.9h. Yield:
85%. Mp= 250-251°C. H NMR ¢6: 7.59 (d,J = 7.4 Hz, 2H),
7.48 (d,J = 8.3 Hz, 2H), 7.42 (t, 2H), 7.347.30 (m, 3H), 7.16
7.12 (m, 3H), 7.05 (m, 2H}:3C NMR 6: 140.6, 139.9, 138.4, 136.7,
133.4,131.0, 129.6, 128.9, 128.1, 127.5, 127.1, 127.0, 126.9. HRMS
m/z. calcd for GoH2sS 540.1912, found 540.1908 (100%). Anal.
Calcd for GgH»S: C, 88.94; H, 5.22. Found: C, 88.91; H, 5.18.

142.3,133.0, 132.6, 132.0, 129.8, 128.3, 127.8, 126.5, 126.2, 110.2.

HRMS m/z. calcd for G4H14Br,S 493.9162, found 493.9164
(100%). Anal. Calcd for gH;4Br,S: C, 58.36; H, 2.86. Found:
C, 58.41; H, 2.826b. Yield: 75%. Mp= 216-218°C.H NMR
d: 7.55 (d,J = 11.7 Hz, 4H), 7.35 (dJ = 8.9 Hz, 2H), 7.01 (d,
J = 8.9 Hz, 2H), 6.91 (dJ = 11.7 Hz, 4H), 3.84 (s, 9H)}3C

NMR ¢6: 170.5, 160.9, 159.0, 134.2, 131.7, 127.8, 124.8, 121.4

114.5, 114.3, 55.6, 55.4. Anal. Calcd foss21Br,NOs: C, 55.27;
H, 3.90. Found: C, 55.35; H, 3.85.
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