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Cross-coupling reactions of organometallic reagents have

been considered to be one of the most efficient synthetic

systems for the preparation of organic functional materials.1

To furnish up this strategy, installing various functionalities

into the core moiety has played a huge role in the efficient

synthesis of the valuable organic complexes. Notwithstand-

ing the significance and effectiveness, this approach has

encountered a few difficulties, which should be resolved.

In most of the previous works exploring the synthetic

utilities of transition-metal chemistry, multiple-halogenated

aryl and/or heteroaryl compounds have frequently been used

as the core molecules. As easily noticed, multi-halogenated

heterocyclic compounds generally contain equivalent and/

or pseudo-equivalent multiple halogen atoms, and, more

significantly, those halogens possess different chemical pro-

perties.2 Owing to this natural instinct, selectivity has been a

serious issue in the course of cross-coupling reactions with

organometallic reagents, and these aspects have been pro-

foundly reviewed.2 Among the many poly-halogenated

heterocyclic compounds, we were particularly interested in

thiophene systems, because poly-functionalized thiophene

derivatives have been utilized for the preparation of valuable

functional complexes with a wide range of applications,

such as in optoelectrochemical materials, pharmaceuticals,

and biologically active molecules.3 Once again, cross-coupl-

ing reactions of organometallics with multiple halogen-

substituted thiophene derivatives were the most popular

subjects, and large numbers of energetic protocols have been

developed to fulfill the potential demand for the multi-

substituted thiophenes.4

Of those developed, 2,3- and 2,5-dibromothiophenes are

typically more suitable molecules for investigating the selec-

tivity in cross-coupling reactions with organometallics due

to the chemical similarity of the two C-Br bonds presented

in the thiophene molecular structure.5 However, a relatively

limited number of examples of the site-selective coupling

reaction of these compounds have been established, pre-

sumably, because of their low selectivity.6 Rasmussen et al.

demonstrated the regioselectivity of the Negishi coupling

with tribromothiophene based on steric versus electronic

effects.7 A recent work by Staubitz’s group showed a very

interesting dual selectivity with the 2,5-dimetallic thiophene

compound.8a,b

As part of our efforts to determine the scope and limita-

tions of utilizing organozinc reagents in cross-coupling reac-

tions, especially on the regio-selectivity, the coupling reac-

tions of various organozinc reagenst with 2,3- and 2,5-di-

bromothiophene were examined in this study.

To examine the site-selectivity, we first began with 2,3-

dibromothiophene (I) bearing two chemically pseudo-equi-

valent carbon-bromine bonds. As described in Table 1, a

Pd(II)-catalytic system in THF at room temperature was

chosen, since it worked effectively to give rise to the coupl-

ing product in previous reports.8f The organozinc reagents

used in this study were prepared by the direct oxidative

addition of highly active zinc.9

1H NMR analysis of the products clearly showed that

Table 1. Coupling reactions with 2,3-dibromothiophene (I)

Entry ZrZnX Product Yield (%)a

aisolated yield
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coupling took placed at the 2-bromine position, leaving the

other bromine at the 3-position intact. Two doublet signals (J

= 5.0 Hz) at 7.10 ppm and 7.38 ppm on 1H spectrum attribut-

ed to the C4 and C5 hydrogens of thiophene ring, respec-

tively, were consistently observed in the obtained products

shown in Table 1. This observed selectivity was essentially

in agreement with the NMR-based prediction.5 Along with

the selectivity originating from the electronic effect, steric

impacts also had a decisive influence on the isolated yield.

Even though the corresponding coupling products were

obtained in low yields, partially due to low progress of the

cross-coupling reaction or homo-coupling of organozinc, no

further effort for optimization was made, as it was not the

main objective of this study (Table 1).

An intensive evaluation of the selectivity has been accom-

plished with 2,5-dibromothiophene, possessing two identical

carbon-bromine bonds. Owing to its chemical homogeneity,

obtaining selectivity would be more challenging, as well as

more attractive. Prior to performing a series of coupling

reactions, a catalyst-screening test was first performed, for

which the results are summarized in Table 2.

4-Trifluoromethylphenylzinc iodide (1.0 equivalent) was

coupled with 1.0 equivalent of 2,5-dibromothiophene (II)

under appropriate conditions depicted in Table 2. From the

first two examinations carried out with Pd(II)-catalyst (entries

1 and 2, Table 2), it could be concluded that the reaction time

and temperature were not critical for determination of both

selectivity and reaction progress. Therefore, the rest of the

reactions were conducted at room temperature, and the

progress was monitored for 30 min. There was a general

trend for higher production of both mono-coupled product

(A) and di-coupled product (B) by use of Pd(PPh3)2Cl2 and

Pd(PPh3)4-catalysts, compared to the other catalysts used.

Interestingly, the reaction progress was a lot slower when

both Pd(OAc)2/SPhos and Pd2(bda)2·CHCl3 were employed

(entries 4 and 5, Table 2).10 Applying Ni-catalyst led to more

production of homo-coupled and di-coupled products than

cross-coupled ones with low progress (entries 6–8, Table 2).

Co- and Fe-catalysts turned out to be ineffective in the

coupling reaction (entries 9 and 10, Table 2).

As depicted in Table 2, Pd(PPh3)2Cl2 was regarded as an

appropriate catalyst to examine the selectivity in the organo-

zinc coupling with 2,5-dibromothiophene. For convenience,

all the reactions for this catalyst were conducted at room

temperature for 30 min.

The outcomes obtained from the early catalyst-screening

test were enough to anticipate the formation of products

consisting of both mono-substituted thiophenes (A, Table 3)

and di-substituted thiophenes (B, Table 3). This prediction

was further confirmed by the analysis of the final products

purified using a column chromatography (2% EtOAc/98%

Hexanes as eluent). As described in Table 3, no specific

trend of the selectivity depending on the functionality on the

organozincs was observed. Instead, according to the ratios of

A and B in Table 3, it could be inferred that mono-sub-

stitution was a little more favor over di-substitution (entries

1, 9 and 10, Table 3). In most of the cases, the formation of

di-coupling products was detected by both TLC and GC-

MS. However, the purification procedure was carried out in

limited reactions only.

Next, we applied the scope and limitations examined in

this study to make a variety of 2,5-disubstituted thiophene

derivatives. Based on the data above, the first step was to

prepare more thiophene derivatives. As can be seen in

Figure 1, 2,5-dibromothiophenes were reacted with excess

amounts of 2- or 3-pyridylzinc bromide in the presence of

Pd(PPh3)2Cl2. The coupling was completed in 24 h at reflux-

ing temperature. Two bromine atoms were successfully

substituted with the corresponding heteroaryl molecules

through this protocol giving rise to 4, 5, and 6 in Figure 1.

Interestingly, the residual bromine atom on the product

obtained from mono-substitution of 2,5-dibromothiophene

Table 2. Catalyst-screening with 2,5-dibromothiophene (II)

Entry Catalysta
Conditions

(temp/time)

Results (%)b

A B C D

1 Pd(PPh3)2Cl2 rt/10 min 37 30 7 24

2 Pd(PPh3)2Cl2 0 oC/30 min 34(32)d 11(22 )d 13(10)d 39(28)d

3 Pd(PPh3)4 rt/30 min 33 30 7 25

4 Pd(OAc)2/SPhosc rt/30 min 15 15 31 37

5 Pd2(bda)2·CHCl3 rt/30 min 16 6 24 44

6 Ni(dppe)Cl2 rt/30 min - 25 16 56

7 Ni(acac)2 rt/30 min 5 4 23 59

8 Ni(PPh3)2Cl2 rt/30 min - 30 14 55

9 Co(dppe)Cl2 rt/30 min 1 - 13 80

10 Fe(acac)2 rt/30 min - - 6 88

a2 mol % used otherwise mentioned. bcalculated based on the area ratios of GC-MS analysis. c4 mol % used. d0 oC for 2 h
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also had good functionality, and could be replaced by a

consecutive coupling reaction with an organozinc. This

strategy could be a facile synthetic tool for the preparation of

unsymmetrically 2,5-disubstituted thiophenes. The examples

are shown in Figure 2, and the coupling products (7 and 8)

were obtained in 80% and 77% isolated yields, respectively.

In conclusion, site-selectivity in the cross-coupling reac-

tions of arylzinc reagents with both 2,3-dibromothiophene

(I) bearing pseudo-identical carbon-bromine bonds, and

symmetrically halogenated 2,5-dibromothiophene (II), have

been investigated.11 A high preference for the mono-cross-

coupling reaction with I at the C2-position was obtained

whereas a moderate selectivity was observed for the coupl-

ing reactions with II. In addition, multi-substituted thioph-

ene derivatives were also successfully prepared utilizing this

methodology.
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