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Chlorosulfonation of 2-acylthiophenes: an examination on the
reaction regiochemistry
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Abstract—Chlorosulfonation of thenoyltrifluoroacetone with neat chlorosulfuric acid was found to give a 25:75 mixture of 3- and
2-chlorosulfonated thenoyltrifluoroacetone isomers in 33% overall yield. The use of dichloromethane as solvent for the
chlorosulfonation reaction gave only the 2-chlorosulfonated isomer in 45% yield. On the contrary, the reaction of 2-acetylthio-
phene with neat chlorosulfuric acid gave only the 3-chlorosulfonated-5-acetylthiophene in 35% yield. The identity of these
chlorosulfonated compounds was unambiguously established by NMR techniques and confirmed by the crystal structure
determination of the 2-chlorosulfonated isomer.
© 2003 Elsevier Ltd. All rights reserved.

A challenging aspect of partitioning techniques is the
problem associated with the separation and the decon-
tamination of nuclear waste streams. A strategy that is
gaining considerable attention is the use of synthetic
receptors specifically designed for the extraction and
separation of actinides from lanthanides.1 In this con-
text a promising binding site to be exploited for the
construction of such receptors is the thenoyltrifl-
uoroacetone (1), which has been extensively used as a
reagent for the determination of lanthanide and
actinide metal ions.2 Therefore, a mandatory require-
ment for its utilization as binding site is the availability
of efficient procedures for its selective functionalization,
in view of its insertion, through suitable anchoring
groups, onto a synthetic macrocycle. Owing to our
current interest in the development of synthetic recep-
tors for the recognition of metal ions,3 we planned to
employ the chlorosulphonyl group to anchor 1 to a
synthetic macrocycle trough the thiophene ring.
Recently, thenoyltrifluoroacetone was employed as
bidentate binding site for the construction of a biotin-
linked Eu(III) luminescent complex. The chlorosulfonyl
group was chosen for the linkage of the thiophene ring
to the biotine-bearing sidearm and the authors reported
the synthesis of 3-chlorosulfonated thenoyltrifluoro-
acetone.4

However, as observed also by other authors in the case
of the sulfonation of pyrrole,5 the regiochemistry of
electrophilic aromatic substitution reaction carried out
on pentaatomic substituted heterocycles still merit fun-
damental studies.6 In this paper we report a study
aimed to disclosing the regiochemistry of the chlorosul-
fonation reaction carried out on thenoyltrifluoroace-
tone (1) and acetylthiophene (4).

Scheme 1. Regioselective synthesis of 2-chlorosulfonyl
thenoyltrifluoroacetone.
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According to literature procedure,4 we initially carried
out the chlorosulfonation reaction of 1 with neat
chlorosulfuric acid, obtaining the chlorosulfonated
derivative in 33% yield. However, the 1H NMR spec-
trum of this compound revealed the presence of a 25/75
mixture of two chlorosulfonated isomers. In fact, in
CDCl3, while the two enolizable protons of the �-dike-
tone sidearm resonate as unique singlet at �=6.50 ppm,
the protons belonging to the thiophene ring of the two
compounds resonate as two distinct AB systems. In
particular, the two doublets at �=7.76 and 7.89 ppm,
coupled with a J=4.4 Hz were assigned to the 2-chloro-
sulfonyl-thenoyltrifluoroacetone isomer (2), whereas the
two doublets at �=8.13 and 8.52 ppm coupled with a
J=1.3 Hz were assigned to the 3-chlorosulfonyl-
thenoyltrifluoroacetone (3).7

All attempts to enhance the regiochemistry of this
reaction, by changing the reaction conditions and ratio
between reagents, failed and, although with a variable
overall yield, an almost identical isomer distribution
was observed. However, by using 5 equivalents of
chlorosulfuric acid and using dichloromethane as sol-
vent, we found that only the 2-chlorosulfonated isomer
(2) had formed in 45% yield and its NMR spectrum
coincides with that observed in the solvent free reaction
(see Scheme 1).8

Further confirmation of the structure of 2 was obtained
by single crystal X-ray diffraction9 (see Fig. 1). The
analysis of the geometrical parameters shows that a
delocalized double bond is spread over the O3–C5–C6–
C7–O4 moiety. However the C5–O3 bond is slightly
longer than the C7–O4 bond suggesting that the elec-
tron withdrawing character of the thiophene SO2Cl
group is greater than that of the CF3 group (the C4–C5
bond distance is intermediate between a single and a
double bond).12

In addition, the comparison between the solid state
structure of 113 and 2 shows that the presence of the

Scheme 2. Chlorosulphonation reaction of 2-acetylthiophene.

electron withdrawing sulfonyl group in the latter
changes the bond distance between C5–O3 and C7–O4
that is almost exactly reversed in the two compounds.
This subtle change in the electron density distribution
between the two carbonyl oxygen atoms strongly affect
the properties of the beta-diketone of 2 in molecular
recognition processes.14,15

The O3–C5–C6–C7–O4 moiety is almost planar (the
maximum ‘out of plane’ is 0.011(3) A� at C5) and does
form a dihedral angle of 6.6(1)° with the least-squares
plane through thiophene. As expected, the two hydro-
gen atoms represented in Figure 1 attached at O3 and
O4 are really the result of the superposition of the two
different structures corresponding to one single hydro-
gen atom statistically distributed (with 50% of probabil-
ity) over the two oxygen atoms O3 and O4 indicating
that two enol structures are present.

In order to evaluate whether this regiochemistry was
restricted to the thenoyltrifluoroacetone, the chlorosul-
fonation reaction of 2-acetylthiophene (4) was studied
(see Scheme 2). Quite unexpectedly, the reaction of
2-acetylthiophene with neat chlorosulfuric acid gave
only the 3-chlorosulfonyl-5-acetylthiophene 5 in 35%
yield and the same isomer was obtained also by using
dichloromethane as solvent.16,17

Although from these data it is not possible to draw
general conclusions, it is nevertheless important to
point out as apparently, simple electrophylic substitu-
tions carried out on pentaatomic heterocycles like
monosubstituted thiophenes, still merit fundamental
studies that are undergoing in our laboratories.

Acknowledgements

We thank the European Commission (CALIXPART
contract FIKWCT 2000-00088) for financial support.

References

1. (a) See, for example: Drew, M. G. B.; Guillaneux, D.;
Hudson, M. J.; Iveson, P. B.; Russel, M. L.; Madic, C.
Inorg. Chem. Commun. 2001, 4, 12–15; (b) Madic, C.;
Lecomte, M.; Baron, P.; Boullis, B. C. R. Pysique 2002,
3, 797–811.

2. Jeffery, G. H.; Bassett, J.; Mendham, J.; Denny, R. C.
Vogel’s Textbook of Quantitative Chemical Analysis, 5th
Edn; John Wiley & Sons: New York, 1989; p. 170.
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