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Synthesis of Thiophene-Based Building Blocks via Facile a-M onoiodination
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Abstract: A new procedure to selectively a-monoiodinate symmet-
rical thiophene-capped segments is described. The monoiodinated
derivatives are further modified, giving access to a variety of
thiophene-based building blocks, which are useful for e.g. oligomer
synthesis via segmental coupling.
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Monoiodinated oligothiophene segments have received
attentionin recent years as useful intermediatesin the syn-
thesis of conjugated materials? self-assembled
monolayers® and as bioactive reagents in e.g. anti-tumor
therapy.*® Despitethis, only few methodsto selectively a-
monoiodinate symmetrical thiophene-based segments are
known.*1® Monoiodination of symmetrical bi- and ter-
thiophenes utilises mostly either mercurioxide, or mercu-
richloride followed by subsequent reaction of the
oligothienylmercuri compound with elemental iodine.5’
An aternative route via the monobromo compound and
cuprousiodide gives a-monoiodinated bithiophenein low
yield.2 Since the method employing mercuri compounds
is both toxic, cumbersome, and, in the case of ter-
thiophene, only gives a moderate yield’, we searched for
asimpler procedure. Wu et al.** used N-bromosuccinim-
ide (NBS) in combination with acetic acid, in an attempt
to synthesise 5-bromo-[2,2]bithiophene; however, the
product contained starting material and bisbromo com-
pound even after purification. By applying N-iodosuccin-
imide (NIS) and acetic acid in a procedure analogous to
the bromination described by Wu, we found that
bithiophene 4 could be monoiodinated with excellent se-
lectivity. Small amounts of bisiodo-bithiophene formed
could easily be removed by afiltration of the crude reac-
tion mixture giving 5-iodo-[2,27]bithiophene 4a in 92-
97% purity. Monoiodination of terthiophene 1 showed an
even higher selectivity, and monoiodinated terthiophene
lawas obtained in 76% yield, after simple workup.*? Our
findings prompted us to apply this procedure to various
thiophene containing segments 1-4, as shown in Scheme
1

M onoiodo-terthiophene la and monoiodo-bithiophene
4a®® segments are easily made by this procedure, howev-
er, in the case of compound 2a'® a lower selectivity was
observed under the reaction conditions employed, creat-
ing a larger amount of bisiodo compound (27% by GC-
MS). The latter could, however, be removed by filtration
through a short silicagel column. Upon introduction of a
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biphenyl unit between the terminal thiophenes, attempts
to synthesise the monoiodinated compound failed, due to
low solubility of the starting material. In the case of 33,
1.3 equivalents of NIS were needed in order to minimise
the amount of starting material in the crude mixture, and,
also here, the bisiodinated compound could easily be re-
moved by a column filtration; the monoiodinated segment
3a was obtained in good yield and 95% purity (GC-MS).

The monoiodo ter- and bithiophene compounds 1a, 4a
were subsequently modified by bromination to yield new
mixed halogenated ter- and bithiophene 1b, 4b in good
yields (70% and 92%, respectively).* Negishi coupling
under mild conditions gave chemosel ective derivatisation
of theiodo position on 4b, obtaining 5-bromo-5"" methyl-
terthiophene 4c in 77% yield (Scheme 2).1> Nickel-catal-
ysed coupling between monoiodo bithiophene 4a and
4-tert-butyl phenyl-magnesiumbromide gave 5-tert-butyl
phenyl-[2,2']bithiophene 4d in acceptable yield.®

In summary, some useful building blocks for e.g. segment
coupling have been synthesised using an easy monoiodi-
nation procedure. The introduced monoiodination proce-
dure has shown to be a useful aternative to previous
described methods. The monoiodinated building blocks
have been further derivatised in good yields, giving access
to avariety of asymmetrical thiophene segments.
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(12) Monoiodination, typical procedure, 5-iodo-[2, 2', 5,
2'"terthiophene (1a): 1(2.0g, 8.1 mmol) and NIS(2.19,9.26
mmol) were dissolved in amixture of dry CHCI; (30 ml) and
glacial AcOH (20 ml). The mixture was shielded from light
and stirred overnight at r.t. Solvents were removed by

(13)

(14)

143 °C (lit. 138-139 °C);” *H NMR (300 MHz, d¢-acetone): &
7.06 (d, J3.8Hz, 1H), 7.12(dd, 33 4.9 Hz, 4 1.4 Hz, 1H), 7.24
(d+d, J3.8Hz, J 3.8 Hz, 2H), 7.34 (d+dd, J 3.6 Hz, 3J 3.6 Hz,
4J1.1Hz, 2H), 7.48 (dd, 3J 4.9 Hz, 4] 1.1 Hz, 1H); 3C NMR
(75 MHz, CDCl,): 5 72.0, 124.0, 124.4, 124.8, 125.1, 128.0,
135.0, 136.8, 136.9, 137.8, 143.1; LRMS, calcd. (C,H/1Sy):
374.27. Found: 374.0; GC: 99% purity

2-(4-(thiophen-2’ -yl)-pheny!)-5-iodo-thiophene (2a): 2+
(0.50g, 2.10 mmol) and NIS(0.54 g, 2.40 mmol) in CHCI; (12
ml) and AcOH (7 ml) was treated as above. Purification on
short silicagel column, (1. hexane, 2. EtOAc-hexane 1:1).
Yield: 0.32 g (42%); mp: 198 °C (dec); *H NMR (300 MHz,
CDCly): 8 7.02 (d, 3.9 Hz, 1H), 7.12 (dd, 3J 5.2 Hz, 4J 1.6
Hz, 1H), 7.25 (d, J 3.9 Hz, 1H), 7.33 (dd, 3] 4.9 Hz, 43 1.1 Hz,
1H), 7.36 (dd, 3J 3.6 Hz, 43 1.1 Hz, 1H), 7.53-7.56 (m, 2H),
7.63-7.65 (m, 2H); 2CNMR (75 MHz, CDCl,): § 72.5, 123.3,
124.6, 125.2, 126.2-126.4, 128.2, 132.6, 134.0, 138.1, 143.8,
150.0; LRMScalcd. (Cy, Hg | S,): 368.25. Found: 368.0; GC:
97% purity; 4-(5-iodo-thiophen-2-yl)-7-(thiophen-2' -yl)-
benzo[2.1.3]thiadiazole (3a):

3%(0.50 g, 1.70 mmol) and NIS (0.50 g, 2.2 mmol) in CHCl,
(20 ml) and AcOH (5 ml) wastreated asabove. Purification on
short silicagel column (Et,O-hexane 1:1). Yield: 0.67 g
(92%); mp: 124-126 °C; *H NMR (300 MHz, CDCl,): § 7.24
(dd, 333.6 Hz, %) 1.4 Hz, 1H), 7.37 (d, J 4.1 Hz, 1H), 7.49 (dd,
3)5.2Hz, 4 1.1 Hz, 1H), 7.73(d, J 3.8 Hz, 1H), 7.83(d, J 8.0
Hz, 1H), 7.89 (d, J 7.7 Hz, 1H), 8.15 (dd, 3 3.9 Hz, “J 1.1 Hz,
1H); 23C NMR (75 MHz, dg-THF): 82.7, 130.4, 130.7, 130.8,
131.0, 131.9, 132.8, 133.4, 133.9, 143.3, 144.9, 150.9, 157.9,
158.0; MS (MALDI-TOF), calcd. (Cy,H,IN,S,): 426.31
Found: 426.62; 5-lodo-[2,2']bithiophene (4a): 4 (2.0 g, 12.0
mmol) and NIS (3.2 g, 14.4 mmol) in CHCI; (24 ml) and
AcOH (24 ml), was stirred overnight and the reaction mixture
was filtered to remove bisiodinated bithiophene. Solvents
were removed by evaporation on oil pump. The residue was
filtered through a short silicagel column (hexane). Yield: 2.1
g (60%); *H NMR (300 MHz, ds-acetone): & 7.00 (dd, 3J 3.9
Hz, 4 0.8 Hz, 1H), 7.09 (m, 1H), 7.26 (d, J 3.6 Hz, 1H), 7.29
(dd, 333.6 Hz, “J0.8 Hz, 1H), 7.44(d, 5.2 Hz, 1H); BCNMR
(75 MHz, CDCl,): 8 72.2,124.4,124.6, 125.0, 128.1, 136.4,
137.8,143.5; LRMScacd.(CgHs | S,): 292.15. Found: 291.9;
GC: 95% purity

5-Bromo-5'"-iodo[2.2'.5'.2 " terthiophene (1b): 1a (0.374 g,
1.00 mmol) was dissolved in dry THF (5ml), and the mixture
cooled in anice bath and NBS (0.178 g, 1.00 mmol) was
added in the cold. Theice bath was removed, the mixture was
shielded from light and stirred overnight at r.t. The solvent
was removed by evaporation and the residue was filtered
through a short silicagel coloumn (Et,O). Yield: 0.320 g
(70%); mp: 175-177 °C (dec); *H NMR (500 MHz, CDCl.): 6
6.84 (d, J3.4 Hz, 1H), 6.91 (d, J 3.4 Hz, 1H), 6.98-7.00 (c+br
s, J3.9 Hz, 3H), 7.17 (d, J 3.9 Hz, 1H); 3C NMR (75 MHz,
CDCly): 8 72.3,111.4,124.0, 124.6, 124.8, 125.3, 130.8,
135.5, 135.7, 137.8, 138.4, 142.8.; LRM S calcd.
(C,HgBrlS,): 453.3. Found: 453.8; GC: 96% purity; 5
Bromo-5'-iodo-[2.2']bithiophene (4b): 4a (1.85 g, 6.34
mmol) was reacted with NBS (1.13 g, 6.34 mmol) indry THF
(30ml) as above. Filtration through a short silicagel coloumn
(Et,O-hexane 1:1). Yield: 2.17 g (92%); mp: 148-150 °C; H
NMR (500 MHz, CDClI,): § 6.78 (d, J 3.9 Hz, 1H), 6.86 (d, J
3.9Hz, 1H), 6.96 (d, J 3.9 Hz, 1H), 7.15(d, J 3.4 Hz, 1H); 13C
NMR (75 MHz, CDCl,): 8 72.5,111.7, 124.2, 124.4, 125.5,
130.7, 137.8, 142.3; LRMScalcd. (Cg H, Br 1 S,): 371.14.
Found: 371.6; GC: 98% purity
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5'’-Bromo-5-methyl[2.2'.5".2'"Jterthiophene (4c): A solution
of 2-methyl-thiophene (0.10 g, 1.00 mmol) in dry THF (5ml)
was cooled on anice bath. A 1.6 M solution of n-BuLi (0.70
ml, 1.10 mmol) was added in the cold and the mixture was
stirred 30 min. on ice bath. ZnCl, (0.21 g, 1.50 mmol) was
added and the mixture stirred for 1 h at r.t. This solution was
added dropwise to 4b (0.37 g, 1.00 mmol) and Pd (dppf)Cl,
(cat.) indry THF (5 ml). The mixture was stirred overnight at
r.t. and was poured into water (50 ml). The agueous layer was
extracted with hexane (2 x 20 ml), the combined organic
fractions were washed with brine, dried (N&,SO,) and
evaporated in vacuo. Purification by chromatography
(hexane). Yield: 0.264 g (77%); mp: 135-139 °C; 'H NMR
(500 MHz, CDCl,): 8 2.49 (s, 3H), 6.67 (br s, 1H), 6.89 (d, J
3.9 Hz, 1H), 6.97 (m, 4H); 3C NMR (75 MHz, CDCl.): §
15.5, 110.9, 123.6, 123.9, 124.2, 124.6, 126.1, 130.7, 134.5,
134.6, 137.3, 138.8, 139.7; LRM S calcd. (Cy3HgBr5): 341.4.
Found: 342.0; GC: 96% purity

5-(4-tert-butyl phenyl)-[2,2']bithiophene (4d): 1-Bromo-4-
tert-butyl-benzene (2.3 ml, 13.3 mmol) was added to
magnesium turnings (0.5 g, 20.0 mmol) in dry Et,O (13 ml).
The reaction was initiated by shortly heating in an oil bath.
The mixture was refluxed for 30 min, and 1.1 ml (1.1 mmol)

(17)

of this solution was added to a mixture of 4a (0.29 g, 1.00
mmol) and Ni(dppp)Cl, (5.4 mg, 0.01 mmol) in dry Et,O
(5ml). The mixture was stirred for 2 h at r.t. and refluxed for
30 min. The solvent was removed in vacuo and the residue
was purified by chromatography (Et,O-hexane 1:1). Yield:
0.145 g (43%); mp: 95 °C (dec); *H NMR (300 MHz, d¢-
acetone): 6 1.33(s,9H), 7.1(t,J4.0Hz, 1H), 7.26 (d, J 3.7 Hz,
1H), 7.31 (d, J 2.9 Hz, 1H), 7.38 (d, J 3.7 Hz, 1H), 7.43 (d, J
5.1Hz, 1H), 7.47 (d, J 8.4 Hz, 2H), 7.61 (d, J 8.4 Hz, 2H) :*C
NMR (75 MHz, CDCl,): 8 31.4,34.7, 114.8, 123.4, 123.6,
124.3,124.7, 125.5, 126.0, 126.5, 127.9, 131.4, 136.3, 137.7,
143.4, 150.9; LRM S calcd. (CigH16S,): 298.5. Found: 298.0;
GC: 97% purity

Compounds 2 and 3 were prepared by Stille reaction between
2-(tributyl-stannyl)-thiophene and 1.4-dibromo-benzene or
4.7-dibromo-benzo[2.1.3]thiadiazol e, respectively, according
to: Dhanabalan, A.; Boas, U.; van Duren, J. K. J.; Janssen,
R. A. J.: To be published.
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