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Abstract     
π-Conjugated rod-like molecules have proven to be powerful candidates for the generation of 
well-defined nanostructures with interesting optical and optoelectrical properties. Their 
synthesis, however, turns out to be rather complex in some cases. Here, we have optimized the 
synthesis of oligomers consisting of thiophene and phenylene groups with three or four aromatic 
units using a direct arylation approach, which allows us to use cheap starting materials and to 
minimize the number of reaction steps considerably.     
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Introduction    
 
The use of rod-like π-conjugated organic oligomers1,2 in the synthesis of organic materials has 
witnessed a tremendous development recently due to their interesting optical, electrical and 
optoelectrical properties and their high tendency towards self-aggregation processes.3-12 

Among these, para,para’-functionalized oligophenylenes bearing various substituents have 
been found to self-assemble into well-defined, mutually aligned fiber-like nanostructures upon 
vapor deposition onto a freshly cleaved mica surface.13 Changing the molecules’ chain length 
and substitution pattern does not only have an effect on the electrical and optical properties on 
the molecular level, but also on the self-aggregation and the physical properties of the 
nanostructures.14,15 However, this approach asks for oligomers of four or more aromatic units in 
order to have a vapor-pressure in the right regime to allow sublimation under ultra-high vacuum 
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conditions (≤ 10−7 mbar) whereas oligomers containing only three aryl units are usually too 
volatile under these conditions.     

Another well-established way to obtain nano-structured surfaces is the use of porous 
templates.16 Here, the organic molecules are deposited from solution in the pores of an alumina 
template. After selectively dissolving the alumina layer, the surface is covered with upstanding 
nanowires. An important requirement for this procedure is an adequate solubility of the used 
molecules. Non-substituted or only para,para’-substituted quaterphenylenes or even longer 
oligomers hardly fulfill this requirement since they are barely soluble. The synthesis of hybrid 
compounds containing different kinds of aromatic rings is a common approach to fine-tune the 
chemical and physical properties of π-conjugated molecules.2-12 In this respect, the combination 
of phenylenes and thiophenes has proven to be very successful in order to access optoelectronic 
devices with improved properties.17-28 Compounds that are exclusively functionalized in position 
4 of a terminal phenyl group and/or in position 2 of a terminal thiophene unit, however, are fairly 
rare, although they are also very promising candidates for the formation of nanoaggregates. 
Therefore, we started to develop a general approach for the synthesis of thiophenyl-phenylenes 
hybrid oligomers containing a total of three aromatic units and (at least) one biphenyl group as a 
reasonable compromise between interesting optical and optoelectronical properties on the one 
hand and solubility on the other hand. 
 
 
Results and Discussion    
 
A direct functionalization of the parent structure, 2-(biphenyl-4-yl)thiophene, is rather difficult, 
especially with regard to regioselectivity in the phenylene part. Therefore, it is wiser to introduce 
the functional groups into suitable precursors before the desired π-conjugated oligomer skeleton 
is formed, e.g. via transition metal cross-coupling approaches.29 Especially the Suzuki-, 
Kumada-, and Stille-reaction have been successfully employed in this context.30-34 Following this 
approach, however, asks for the synthesis of either a 4’-substituted 4-iodobiphenyl and a 2-
functionalized thiophene-5-yl boronic acid or stannyl derivative or vice versa. Depending on the 
nature of the additional substituents this might be quite tedious. Nevertheless, we followed this 
approach but the results of some Suzuki-cross coupling reactions were quite unsatisfactory in our 
hands despite various optimization steps. In fact, only one compound could be synthesized in a 
satisfying yield of 50% using a Buchwald-ligand35 (Scheme 1). 

Hence, we decided to explore the potential of direct arylation36,37 as the key step to establish 
the desired π-conjugated oligomer skeleton. In fact, this turned out to be very successful since 
we could synthesize a vast number of different compounds from cheap starting materials in only 
a few reaction steps. 

Our route started with the synthesis of 4’-substituted 4-iodobiphenyls from 4-iodoaniline. 
Therefore, we followed a three-step protocol that we reported earlier (Scheme 2).38,39 
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Scheme 1 Synthesis of 2-(biphenyl-4-yl)-5-chlorothiophene 
 

 
 
Scheme 2 Synthesis of 4´functionalized 4´-iodobiphenyls 6-8 from 4-iodoaniline 
 

These 4’-functionalized-4-iodobiphenyls were subsequently used in direct arylation reactions 
with 2-substituted thiophenes. In the literature, some synthetic approaches using Heck-reactions 
in the cross-coupling of functionalized thiophene-rings are described. Lavenot et al.,40 e.g., 
described a protocol for Heck-reactions that they could apply for the direct arylation of activated 
thiophenes, using classical reaction conditions (palladium(II) acetate and tetrabutylammonium 
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bromide).41 Adopting this protocol for our synthetic approach, we were able to synthesize 2-
(biphenyl-4-yl)-5-cyanothiophene, but the reaction yield turned out to be unsatisfactory. Thus, 
we tried to find a better alternative. 

In a next step we tested a protocol reported by A. Mori et al.42-44 who were able to couple 2-
bromothiophenes with aryl iodides: the 4’-functionalized 4-iodobiphenyls were reacted with 2-
functionalized thiophenes using 5 mol-% [PdCl2(PPh3)2], PPh3, potassium fluoride, and silver 
nitrate as the catalytic system to obtain the thiophenylphenylenes in moderate to acceptable 
yields of 58% (9) and 33% (10) (Scheme 3). Whereas the solubility of 9 is sufficient for 
purification via column chromatography, 10 was purified by filtering the precipitated product 
and repeatedly washing with various solvents. 
 

 
 

Scheme 3 Synthesis of 2-thienylphenylenes according to a protocol by A. Mori 
 

However, the synthesis of compounds with other substituents than a bromine atom or a 2-
thienyl group still turned out to be either unsatisfactory or impossible. Therefore, we also tested 
conditions published by Greaney et al. who reported about the successful use of [Pd(dppf)Cl2], 
PPh3, and Ag2CO3 in the arylation of thiazoles.45 Adopting this strategy for our synthetic 
purpose, we were able to synthesize several thiophenylphenylenes with good to excellent yields 
(Scheme 4). However, it is important to note that we had to extend the reaction time up to seven 
days to obtain satisfying yields. 
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Scheme 4 Synthesis of 2-thienylphenylenes according to a protocol by M. F. Greaney et al. 
 
 
Conclusions    
 
In conclusion, we have developed two reliable protocols for the synthesis of nine functionalized 
2-thienylphenylenes with three or four aromatic units and a broad variety of functional groups by 
employing a Heck-reaction to establish the π-conjugated oligomeric backbone. All reactions 
were optimized with regard to reaction yields. In all cases, we were able to isolate the desired 
compound in sufficient purity. All compounds have interesting optical and optoelectronical 
properties and are promising candidates for the formation of nanostructures via a template-
method which will be examined in due course.    
 
 
Experimental Section  
 
General. Solvents were dried, distilled and stored under argon according to standard procedures. 
Reactions with air- and moisture-sensitive transition-metal compounds were performed under an 
argon atmosphere in oven-dried glassware using standard Schlenk techniques. 
Thin-layer chromatography was performed on aluminum TLC plates (silica gel 60) from Merck 
and the products were visualized under UV-light (254 or 366 nm). Products were purified by 
column chromatography on silica gel 60 (70-230 mesh or 230-400 mesh) from Merck. 
1H-NMR and 13C-NMR spectra were recorded at 298 K on a Bruker AM 400 spectrometer 
operating at 400.1 MHz (1H) and 100.6 MHz (13C), respectively. Mass spectra were recorded on 
a Finnigan MAT-95XL. UV/Vis-spectra were measured on a Jena Analytic Specord 200 
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spectrometer in a 1 cm quartz cuvette. Elemental analyses were carried out with a Heraeus Vario 
EL instrument. Since the products were obtained as amorphous solids, they usually contain 
residual amounts of solvents from the extraction and washing procedure that could not be 
removed completely in all cases even after heating for longer periods of time under standard 
laboratory vacuum (10–3 mbar). We give HRMS data in all cases. 
4-Iodoaniline, 4-methoxyphenylboronic acid, 4-chlorophenylboronic acid, 4-cyanophenylboronic 
acid, 2-bromothiophene, 5-chlorothiophen-2-ylboronic acid, 4-iodobiphenyl, 2-
dicyclohexylphosphino-2’,6’-diisopropoxybiphenyl, 2-cyanothiophene, 2-methoxy-thiophene, 2-
nitrothiophene, 2,2’-bithiophene, K3PO4, KF, CsF, AgNO3, PPh3, NaNO2, Ag2CO3, 
[PdCl2(PPh3)2], [Pd2(dba)3]·CHCl3, [Pd(dppf)Cl2], and [Pd(PPh3)4] were purchased from Sigma-
Aldrich, Alfa Aesar, ABCR, or Acros Organics and used as received. 
1-(2,5-Dimethyl-1H-pyrrol-1-yl)-4-iodobenzene (2),46 4-(2,5-dimethyl-1H-pyrrol-1-yl)-4’-
methoxybiphenyl (3),38 4-chloro-4’-(2,5-dimethyl-1H-pyrrol-1-yl)biphenyl (4),38 4-cyano-4’-
(2,5-dimethyl-1H-pyrrol-1-yl)biphenyl (5),38 4-iodo-4’-methoxybiphenyl (6),38 4-chloro-4’-
iodobiphenyl (7),38 and 4-cyano-4’-iodobiphenyl38 were prepared according to published 
procedures. 
 
2-(Biphenyl-4-yl)-5-chlorothiophene (1). A two-neck flask equipped with a condenser was 
charged with 5-chlorothiophene-2-ylboronic acid (150 mg, 0.93 mmol, 1.05 equiv.), 4-
iodobiphenyl (250 mg, 0.88 mmol, 1 equiv.), K3PO4 (4.86 g, 5.28 mmol, 6 equiv.), 
([Pd2(dba)3]·CHCl3 (28 mg, 0.03 mmol, 3 mol-%), and 2-dicyclohexylphosphino-2',6'-
diisopropoxybiphenyl (25 mg, 0.05 mmol, 5 mol-%). THF (30 mL) was added and the reaction 
mixture was heated to reflux for 24 h. After cooling down to room temperature, the solution was 
extracted with CH2Cl2 repeatedly. The combined organic phases were washed with H2O (2 × 20 
mL) and dried (Na2SO4). The solvent was removed under reduced pressure and the crude product 
was purified by column chromatography on silica gel using petroleum ether/ethyl acetate (30:1 
v/v) as eluent to give the desired product as a yellow amorphous solid. Yield: 130 mg (50%). 
1H-NMR (400 MHz, CDCl3): δ 7.55-7.65 (m, 6 H), 7.43-7.50 (m, 2 H), 7.34-7.40 (m, 1 H, J 9.0 
Hz), 7.11 (d, 1 H, J 3.9 Hz), 6.91 (d, 1 H, J 3.9 Hz) ppm. 13C-NMR (100 MHz, CDCl3): δ 142.7, 
140.8, 140.5, 132.8, 129.3, 129.0, 127.8, 127.7, 127.3, 127.1, 126.0, 122.4 ppm. MS (EI): m/z 
(%) 270.0 (100) [M•+]. HRMS (EI): m/z calcd for C16H11

35ClS: 270.0270; found: 270.0267. Anal. 
calcd for C16H11ClS: C: 70.97; H: 4.09; S:11.84; found: C: 70.74; H: 4.24; S: 11.78. UV/Vis 
(CH2Cl2): λmax 232 nm. Fluorescence (CH2Cl2): λmax 376 nm. 
Synthesis of Oligothiophenes; General Procedure 1 (GP 1). A two-neck flask equipped with a 
condenser was charged with a 4’-substituted-4-iodobiphenyl (1 equiv.), potassium fluoride (2 
equiv.), [PdCl2(PPh3)2], and DMSO (15 mL). Under an argon atmosphere a 2-substituted 
thiophene (1.2 equiv.) was added. Silver nitrate (1 equiv.) was then added in one portion. The 
reaction mixture was stirred for 24 h at 100 °C. After cooling down to room temperature, the 
solution was filtered through a Celite pad, which was washed with CH2Cl2 repeatedly. The 
filtrate was washed with H2O (2 × 40 mL), dried over MgSO4, and the solvent was removed 
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under reduced pressure. The crude product was purified by column chromatography on silica gel 
to give the desired product. 
Synthesis of Oligothiophenes; General Procedure 2 (GP 2). A two-neck flask equipped with a 
condenser was charged with silver carbonate (2 equiv.), [Pd(dppf)Cl2] (5 mol-%), PPh3 (10 mol-
%), a 4’-substituted-4-iodobiphenyl (1.2 equiv.), and a 1:1 mixture of H2O/THF. Under an argon 
atmosphere, a 2-substituted thiophene (1 equiv.) was added and the reaction mixture was stirred 
for 7 d at 60 °C. After cooling down to room temperature, the solution was filtered through a 
Celite pad, which was washed with acetone and CH2Cl2 repeatedly. The filtrate was concentrated 
and brine and CH2Cl2 (5 mL each) were added. The organic phase was dried (MgSO4) and the 
solvent was removed under reduced pressure. The crude product was purified by column 
chromatography on silica gel to give the desired product. 
4’-(5-Bromo-2-thienyl)-[1,1’-biphenyl]-4-carbonitri le (9). 4-Cyano-4’-iodobiphenyl (300 mg, 
0.98 mmol), potassium fluoride (114 mg, 1.96 mmol), [PdCl2(PPh3)2] (35 mg, 0.05 mmol), 2-
bromo-thiophene (1.18 mmol, 0.12 mL , 1.2 equiv.), and silver nitrate (167 mg, 0.98 mmol) were 
reacted in DMSO (15 mL) according to GP1 to give the desired product as a yellow amorphous 
solid after purification by column chromatography on silica gel using petroleum ether/ethyl 
acetate (9:1 v/v) as eluent. Yield: 192 mg (58%). 1H-NMR (400 MHz, CDCl3): δ 7.73 (d, 2 H, J 
8.7 Hz), 7.68 (d, 2 H, J 8.7 Hz), 7.61 (d, 2 H, J 9.0 Hz), 7.59 (d, 2 H, J 8.9 Hz), 7.12 (d, 1 H, J 
3.9 Hz), 7.05 (d, 1 H, J 3.9 Hz) ppm. 13C-NMR (100 MHz, CDCl3): δ 145.0, 144.8, 138.5, 134.1, 
132.8, 131.2, 128.0, 127.6, 126.3, 123.9, 119.0, 112.3, 111.2 ppm. MS (EI): m/z (%) 341.0 (100) 
[M •+]. HRMS (EI): m/z calcd for C17H10

79BrNS: 338.9717; found: 338.9715. UV/Vis (CH2Cl2): 
λmax 234 nm. Fluorescence (CH2Cl2): λmax 408 nm 
5-(4’-Chlorobiphenyl-4-yl)-2,2’-bithiophene (10). 4-Chloro-4’-iodobiphenyl (300 mg, 
0.95 mmol), potassium fluoride (111 mg, 1.91 mmol), [PdCl2(PPh3)2] (34 mg, 0.05 mmol), 2,2´-
bithiophene (1.14 mmol, 190 mg), and silver nitrate (161 mg, 0.95 mmol) were reacted in DMSO 
(15 mL) according to GP1 to give the desired product. Due to the low solubility of this 
compound it was not purified by column chromatography but rather by repeated washing of the 
precipitate with H2O, THF, and CH2Cl2. The product was obtained as a yellow amorphous solid 
after purification by column chromatography on silica gel using petroleum ether/ethyl acetate 
(9:1 v/v) as eluent. Yield: 111 mg (33%). MS (EI): m/z (%) 352.1 (100) [M•+]. HRMS (EI): m/z 
calcd for C20H13

35ClS2: 352.0147; found: 352.0149. UV/Vis (CH2Cl2): λmax 234 nm. Fluorescence 
(CH2Cl2): λmax 440 nm. 
2-(Biphenyl-4-yl)-thiophene-5-carbonitrile (11). Silver carbonate (494 mg, 1.79 mmol), 
[Pd(dppf)Cl2] (29 mg, 0.04 mmol), PPh3 (24 mg, 0.09 mmol), 4-iodobiphenyl (300 mg, 1.07 
mmol), and 2-cyanothiophene (97 mg, 0.89 mmol) were reacted according to GP2 to give the 
desired product as a yellow amorphous solid after purification by column chromatography on 
silica gel using petroleum ether/ethyl acetate (9:1 v/v) as eluent. Yield: 172 mg (74%). 1H-NMR 
(400 MHz, CDCl3): δ 7.61-7.73 (m, 6 H), 7.60 (d, 1 H, J 3.9 Hz), 7.44-7.51 (m, 2 H), 7.36-7.42 
(m, 1 H), 7.31 (d, 1 H, J 3.9 Hz) ppm. 13C-NMR (100 MHz, CDCl3): δ 151.5, 142.3, 139.9, 
131.2, 128.9, 127.9, 127.9, 127.0, 126.8, 123.2, 114.4, 108.2 ppm. MS (EI): m/z (%) 261.1 (100) 
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[M •+]. HRMS (EI): m/z calcd for C17H11NS: 261.0612; found: 261.0614. Anal. calcd for 
C17H11NS · ½ C4H8O2: C: 74.72; H: 4.95; N: 4.59; S: 10.50; found: C: 75.13; H: 4.99; N: 4.77; 
S: 11.02. UV/Vis (CH2Cl2): λma x 234 nm. Fluorescence (CH2Cl2): λmax 393 nm. 
2-Bromo-5-(4’-chlorobiphenyl-4-yl)-thiophene (12). Silver carbonate (439 mg, 1.59 mmol), 
[Pd(dppf)Cl2] (29 mg, 0.04 mmol), PPh3 (21 mg, 0.08 mmol), 4-chloro-4’-iodobiphenyl (300 
mg, 0.95 mmol), and 2-bromothiophene (129 mg, 0.79 mmol) were reacted according to GP2 to 
give the desired product as a yellow amorphous solid after purification by column 
chromatography on silica gel using petroleum ether/ethyl acetate (30:1 v/v) as eluent. Yield: 215 
mg (78%). 1H-NMR (400 MHz, CDCl3): δ 7.58 (d, 2 H, J 8.8 Hz), 7.55 (d, 2 H, J 8.9 Hz), 7.52 
(d, 2 H, J 8.7 Hz), 7.4 (d, 2 H, J 8.7 Hz), 7.09 (d, 1 H, J 3.9 Hz), 7.04 (d, 1 H, J 3.9 Hz) ppm. 
13C-NMR (100 MHz, CDCl3): δ 145.4, 139.5, 138.9, 133.8, 133.1, 131.1, 128.2, 128.3, 127.6, 
126.2, 123.6, 111.8 ppm. MS (EI): m/z (%) 350.0 (100) [M•+]. HRMS (EI): m/z calcd for 
C16H10

79Br35ClS: 347.9375; found: 347.9374. Anal. calcd for C16H10BrClS: C: 54.96; H: 2.88; S: 
9.17; found: C: 54.69; H: 3.07; S: 9.21. UV/Vis (CH2Cl2): λmax 234 nm. Fluorescence (CH2Cl2): 
λmax 379 nm. 
5-(4'-Chlorobiphenyl-4-yl)-thiophene-2-carbonitrile (13). Silver carbonate (439 mg, 1.59 
mmol), [Pd(dppf)Cl2] (29 mg, 0.04 mmol), PPh3 (21 mg, 0.08 mmol), 4-chloro-4’-iodobiphenyl 
(300 mg, 0.95 mmol), and 2-cyanothiophene (86 mg, 0.79 mmol) were reacted according to GP2 
to give the desired product as a yellow amorphous solid after purification by column 
chromatography on silica gel using petroleum ether/ethyl acetate (9:1 v/v) as eluent. Yield: 175 
mg (75%). 1H-NMR (400 MHz, CDCl3): δ 7.66 (d, 2 H, J 10.3 Hz), 7.60 (d, 2 H, J 10.2 Hz), 
7.60 (d, 1 H, J 4.0 Hz), 7.52 (d, 2 H, J 8.7 Hz), 7.42 (d, 2 H, J 8.7 Hz), 7.31 (d, 1 H, J 3.9 Hz) 
ppm. 13C-NMR (100 MHz, CDCl3): δ 151.3, 141.1, 138.6, 138.5, 134.2, 131.7, 129.3, 128.4, 
127.9, 127.1, 123.5, 114.5, 108.5 ppm. MS (EI): m/z (%) 295.0 (100) [M•+]. HRMS (EI): m/z 
calcd for C17H10

35ClNS: 295.0222; found: 295.0224. Anal. calcd for C17H10ClNS · ⅓ C4H8O2: C: 
67.72; H: 3.93; N: 4.31; S: 9.86; found: C: 67.55; H: 3.81; N: 4.42; S: 9.74. UV/Vis (CH2Cl2): 
λmax 234 nm. Fluorescence (CH2Cl2): λmax 398 nm. 
5-(4'-Methoxybiphenyl-4-yl)-thiophene-2-carbonitrile (14). Silver carbonate (447 mg, 1.62 
mmol), [Pd(dppf)Cl2] (29 mg, 0.04 mmol), PPh3 (22 mg, 0.08 mmol), 4-iodo-4’-
methoxybiphenyl (300 mg, 0.97 mmol), and 2-cyanothiophene (88 mg, 0.81 mmol) reacted 
according to GP2 to give the desired product as a yellow amorphous solid after purification by 
column chromatography on silica gel using petroleum ether/ethyl acetate (5:1 v/v) as eluent. 
Yield: 198 mg (84%). 1H-NMR (400 MHz, CDCl3): δ 7.69 (d, 2 H, J 8.9 Hz), 7.63 (d, 2 H, J 8.9 
Hz), 7.62 (d, 1 H, J 4.0 Hz), 7.57 (d, 2 H, J 8.9 Hz), 7.34 (d, 1 H, J 4.0 Hz), 6.98 (d, 2 H, J 8.9 
Hz), 3.85 (s, 3 H) ppm. 13C-NMR (100 MHz, CDCl3): δ 160.1, 151.9, 142.1, 139.0, 132.5, 130.1, 
128.3, 127.6, 127.1, 123.5, 114.8, 114.7, 108.3, 55.7 ppm. MS (EI): m/z (%) 291.0 (100) [M•+]. 
HRMS (EI): m/z calcd for C18H13NOS: 291.0718; found: 291.0719. Anal. calcd for C18H13NOS · 
⅓ C4H8O2 : C: 72.40; H: 4.92; N: 4.37; S:10.0; found: C: 71.03; H: 5.02; N: 4.40; S: 9.84. 
UV/Vis (CH2Cl2): λmax 234 nm. Fluorescence (CH2Cl2): λmax 427 nm. 
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2-(4'-Methoxybiphenyl-4-yl)-5-nitrothiophene (15). Silver carbonate (444 mg, 1.61 mmol), 
[Pd(dppf)Cl2] (29 mg, 0.04 mmol), PPh3 (21 mg, 0.08 mmol), 4-iodo-4’-methoxybiphenyl (300 
mg, 0.97 mmol), and 2-nitrothiophene (104 mg, 0.81 mmol) reacted according to GP2 to give the 
desired product as an orange amorphous solid after purification by column chromatography on 
silica gel using petroleum ether/ethyl acetate (5:1 v/v) as eluent. Yield: 207 mg (82%). 1H-NMR 
(400 MHz, CDCl3): δ 7.92 (d, 1 H, J 4.3 Hz), 7.67 (d, 2 H, J 8.7 Hz), 7.63 (d, 2 H, J 8.8 Hz), 
7.55 (d, 2 H, J 8.9 Hz), 7.26 (d, 1 H, J 4.1 Hz), 7.00 (d, 2 H, J 8.8 Hz), 3.87 (s, 3 H) ppm. 13C-
NMR (100 MHz, CDCl3): δ 159.8, 152.1, 142.7, 132.3, 130.5, 130.0, 128.4, 128.2, 127.6, 126.7, 
126.1, 114.6, 55.5 ppm. MS (EI): m/z (%) 311.1 (100) [M•+]. HRMS (EI): m/z calcd for 
C17H13NO3S: 311.0616; found: 311.0617. UV/Vis (CH2Cl2): λmax 234 nm. Fluorescence 
(CH2Cl2): λmax 575 nm. 
4'-(5-Methoxy-2-thienyl)-biphenyl-4-carbonitrile (16). Silver carbonate (453 mg, 1.64 mmol), 
[Pd(dppf)Cl2] (34 mg, 0.04 mmol), PPh3 (22 mg, 0.08 mmol), 4-iodo-4'-cyanobiphenyl (300 mg, 
0.98 mmol), and 2-methoxythiophene (94 mg, 0.82 mmol) were reacted according to GP2 to give 
the desired product as a yellow amorphous solid after purification by column chromatography on 
silica gel using petroleum ether/ethyl acetate (9:1 v/v) as eluent. Yield: 139 mg (58%). 1H-NMR 
(400 MHz, CDCl3): δ 7.71 (d, 2 H, J 8.8 Hz), 7.67 (d, 2 H, J 8.8 Hz), 7.57 (apparent s, 4 H), 7.03 
(d, 1 H, J 4.0 Hz), 6.21 (d, 1 H, J 4.0 Hz), 3.94 (s, 3 H) ppm. 13C-NMR (100 MHz, CDCl3): δ 
166.7, 145.1, 137.1, 135.3, 132.8, 129.3, 127.7, 127.4, 125.5, 121.5, 119.1, 110.9, 105.1, 60.4 
ppm. MS (EI): m/z (%) 305.0 (100) [M•+]. HRMS (EI): m/z calcd for C18H13NOS: 291.0718; 
found: 291.0719. UV/Vis (CH2Cl2): λmax 234 nm. Fluorescence (CH2Cl2): λmax 448 nm. 
5-(4'-Cyanobiphenyl-4-yl)-thiophene-2-carbonitrile (17). Silver carbonate (447 mg, 1.62 
mmol), [Pd(dppf)Cl2] (30 mg, 0.04 mmol), PPh3 (22 mg, 0.08 mmol), 4-iodo-4’-cyanobiphenyl 
(300 mg, 0.99 mmol), and 2-cyanothiophene (89 mg, 0.82 mmol) were reacted according to GP2 
to give the desired product as a yellow amorphous solid after purification by column 
chromatography on silica gel using petroleum ether/ethyl acetate (9:1 v/v) as eluent. Yield: 124 
mg (53%). 1H-NMR (400 MHz, CDCl3): δ 7.75 (d, 2 H, J 8.6 Hz), 7.71 (d, 2 H, J 8.6 Hz), 7.70 
(d, 2 H, J 8.6 Hz), 7.65 (d, 2 H, J 8.6 Hz), 7.62 (d, 1 H, J 3.9 Hz), 7.34 (d, 1 H, J 3.9 Hz) ppm. 
13C-NMR (100 MHz, CDCl3): δ 144.6, 140.4, 139.0, 133.1, 133.0, 128.4, 128.1, 128.0, 127.4, 
124.3, 124.2, 119.1, 114.5, 111.9 ppm. MS (EI): m/z (%) 286.0 (100) [M•+]. HRMS (EI): m/z 
calcd for C18H10N2S: 286.0565; found: 286.0564. UV/Vis (CH2Cl2): λmax 234 nm. Fluorescence 
(CH2Cl2): λmax 411 nm. 
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