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Abstract—Metalation–alkylation of 2-bromothiophene 1 when conducted at low temperature led to the 5-alkylated 2-bromo prod-
ucts 2. While, at room temperature, the same sequential reactions afforded the original dibromo-alkylated thiophenes 3 following
an unprecedented halogen transfer-based halogen dance process in highly regiocontrolled and ordered way.
� 2005 Elsevier Ltd. All rights reserved.
The halogen dance reaction (HDR) is a process that in-
duces halogen shift on aromatic systems (Scheme 1).
This interesting reaction, was extensively studied for
pyridines and benzannulated series and was successfully
applied in natural product synthesis.1 However, only
few examples were reported in the case of other hetero-
cycles with a few notable exceptions.1 Moreover, poly-
functionalized thiophenes are of interest in research
fields such as natural product synthesis,2 drug design,3

and material science.4 Therefore, new synthetic meth-
ods, which allow access to suitable precursors are of
great importance.

In connection with our ongoing project aimed at using
2-bromothiophene 1 as a starting point to prepare vari-
ous probe-like C-nucleosides following their incorpor-
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Scheme 1. Typical example of the halogen dance reaction.
ation into oligonucleotides,5 we have envisioned the
possibility of preparing new functionalized thiophene
C-nucleosides following post-synthetic transformations
of their brominated derivatives.

Herein we report on an unprecedented temperature-
dependent regioselective process in the metalation–
alkylation of 1 with diverse electrophiles. These metal-
ation–alkylation reactions, when conducted at room
temperature, led indeed to the original dibromo-alkyl-
ated thiophenes 3 (Scheme 2), while, when conducted
at low temperature, they gave the 5-alkylated 2-bromo
products 2. The former derivatives resulted from an
unexpected regiocontrolled halogen transfer-based
halogen dance process.

Metalation of 1 using LDA in THF at �78 �C followed
by addition of the p-anisaldehyde (used as a testing sub-
strate) afforded product 2a in 85% yield (Table 1, entry
1). Unexpectedly, the issue of this aldol-like condensa-
tion was found to be highly temperature dependent.
Indeed, when we performed these metalation–alkylation
Scheme 2. Temperature-based regiocontrolled reactions with 1.
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Table 1.

Entrya T (�C) Ratio 2a/3ab (%) Yieldc (%)

1 �78 100/0 85

2 �20 45/55 88

3 0 0/100 90

4 Rt 0/100 92

5 �78 �C then rt (0.5–2 h) 0/100 78

6 Rt then �78 �C (0.5–2 h) 0/100 76

a p-Anisaldehyde (2 mmol), 1 (2.2 equiv), LDA (2.2 equiv).
b Ratio based on 1H NMR and HPLC analysis.
c Combined yields.
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steps at 0 �C or at room temperature, the 3,5-dibromo
adduct 3a was isolated as a sole product of the reaction
(entries 3 and 4). This derivative was obtained in high
yield when the reaction was conducted with 2 equiv of
1. At �20 �C, both compounds 2a and 3a were formed
in nearly 1:1 ratio (entry 2). The structure of 3a was
unambiguously confirmed by MS, NMR spectroscopy,6

and by comparison with the data of structurally related
compounds.7

To get further information on the temperature effect, 1
was subjected to metalation at low temperature (LDA/
�78 �C/30 min), then stirred at rt for 0.5–2 h before
quenching with p-anisaldehyde (entry 5). 1H NMR anal-
ysis clearly showed the formation of 3a at the expense of
2a, as a result of the evolution of the kinetic 2-bromo-5-
lithiothiophene into a thermodynamically more stable
intermediate most probably consisting into 2,4-di-
bromo-5-lithiothiophene (vide infra). Moreover, when
Table 2.

Entrya E+ T (

1 p-OMe–PhCHO �7

2 — Rt

3 PhCH2CH2CHO �7

4 — 0 o

5 i-Pr–CH2CHO �7

6 — Rt

7 Cyclopentanone �7

8 — 0 o

9 Cyclohexanone �7

10 — 0 o

11 Bu3SnCl Rt

12 ICH2CH2I (I
+) Rt

a Conditions: 1 (2.2 equiv), LDA (2.2 equiv), electrophile (1 equiv).
b Yields based on pure isolated products.
1 was subjected to metalation at rt (LDA/rt/30 min),
cooled at �78 �C for 0.5–2 h, and then quenched with
p-anisaldehyde (entry 6), only 3a was formed.

The potential and general applicability of this novel tan-
dem, temperature-regiocontrolled reaction is illustrated
by the examples collected in Table 2. Indeed, aldehydes,
ketones, and other electrophiles furnished high yields of
derivatives 2 or 3 when the reaction was performed at
�78 �C or at rt, respectively. Moreover, at rt, the tandem
process was very rapid and did not exceed a few minutes.
In addition, the 1H and 13C NMR spectra of compound
3e8 are in accordance with those previously described,7a

and hence argue for the proposed structures.

Concerning the mechanism of formation of the di-
bromo-derivatives 3a–g, and considering the fact that
1 is the unique source of bromine, two different reaction
pathways depicted in Scheme 3 appear to be probable.
�C) 2 or 3 Yieldb (%)

8 2a 95

3a 92

8 2b 91

r rt 3b 90

8 2c 88

3c 90

8 2d 93

r rt 3d 91

8 2e 90

r rt 3e 87

3f 87

3g 90



Scheme 4. Synthesis of 3a from intermediate 6a.

Scheme 3. Thermodynamic controlled halogen dance reaction via halogen transfer cascade, a possible reaction sequence.

C. Peyron et al. / Tetrahedron Letters 46 (2005) 3315–3318 3317
Formation of 3 could have resulted from a subsequent
bromination process of 2 (path A). In this sequence, 1
is supposed to be the brominating agent. Path B consists
of a halogen transfer cascade starting from the 2-bromo-
5-lithiothiophene 5a leading to the key dibromo-lithi-
ated specie 9a precursor of products 3a–g.

Pathway A could be ruled out by the almost quantitative
recovery of 2a or 2b when these derivatives were submit-
ted to LDA at rt and then quenched with 1. Moreover,
the use of an excess of LDA at rt or at �78 �C did not
change the issue of these reactions.

Pathway B could take place according to a thermody-
namic controlled process. Thus, deprotonation of 1 by
LDA could result in the lithiated species 5a (Eq. 1),
which underwent halogenation with an other molecule
of 1 according to an X-philic like process (Eq. 2) to give
the dibromothiophenes 6a.9 Similarly, 6a would then
provide (Eqs. 3 and 4: metalation–halogen transfer)
the tribromothiophene intermediate 8a, which, after a
third regioselective Li–Br exchange (Eq. 5), is converted
into the more stable lithiated dibromothiophene 9a,10

precursor of the isolated products 3 (Eq. 6). It is worth
noting that the overall process involves two metalations,
three halogen transfers, and finally the alkylation step.

To provide further support for path B sequences, addi-
tional experiments were undertaken. First, as illustrated
in Scheme 4 and in line with literature,7 we showed that
compound 3a was also obtained from the dibromothio-
phene 6a (which was supposed to be formed as interme-
diate) when submitted to LDA at �78 �C and then
trapped with p-anisaldehyde, respectively.
Second, the presence of thiophene (NMR and GC) after
hydrolysis of the reaction medium confirms that 1 is a
bromine donor in the reaction sequence. However, the
fate of the 2-lithiated thiophene, and more particularly
the non-detection of alkylated thiophenes therefrom,
remains unresolved.11

Third, the proposed mechanism for the conversion of 1
into 3, which involves 2 equiv of 1 and LDA seems also
to be supported by our experimental results since the
best yields were obtained with a very close stoichiometry
of LDA and 1 (P2 equiv) with respect to the electro-
phile (1 equiv). Finally, the conversion (1 to 3) likely oc-
curs through the thermodynamic controlled B sequence,
starting from 5a. Indeed, as attested by experiences 5
and 6 in Table 1: (i) 5a (generated at �78 �C) evolves
to 9a when the reaction temperature was increased from
�78 �C to rt (entry 5) and, (ii) 9a (generated at rt) re-
mains intact when the reaction temperature was de-
creased from rt to �78 �C indicating that the lithiated
dibromothiophene 9a is particularly stable (entry 6).

In conclusion, we have discovered a new halogenation/
alkylation tandem reaction, which allows access from
2-bromothiophene to functionalized dibromothio-
phenes. The process most probably involves an original
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halogen transfer cascade in highly regiocontrolled and
ordered fashion. Interestingly, the methodology is
highly convenient since the reactions are achieved at
rt, proceed in high yields and within short times. More-
over, only thiophene and diisopropylamine volatile
materials are generated with the target compound. Fur-
ther studies on the scope of this reaction, its limitations,
and applications are currently under progress.
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