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In this study, the versatile diethylaminosulfur trifluoride (DAST), a well-known fluorinating agent, was
applied in the dehydration, intramolecular cyclization, and mono- and difluorination reactions of some
5-trifluoromethyl-1H-pyrazoles and 2-pyrazolines employing a general, mild, and efficient methodology.
The azole precursors were synthesized from the reactions of acyclic and cyclic trifluoroacetylated enol
ethers with hydrazines [NH2NHR, where R = C6H5, C6F5, 2-Furanoyl] and showed a differentiated chem-
ical behavior in the presence of DAST.

� 2010 Elsevier Ltd. All rights reserved.
a,b-Unsaturated ketones with a trifluoromethyl substituent
represent interesting building blocks for the synthesis of trifluo-
romethyl-containing compounds, especially heterocyclic systems,
for example, pyrazoles, which often show high biological activi-
ties, such as anti-hyperglycemic, analgesic, anti-inflammatory,
anti-pyretic, anti-bacterial, hypoglycemic, and sedative-hypnotic
activities.1

Due to the importance of this class of compounds, since the
1980s we have been developing synthetic routes to obtain strate-
gically substituted pyrazoles that provide possibilities for chemical
derivatizations, leading to a substance, or its structural analogue,
with proven applications.2

Fluorine occupies a unique place among all elements of the
periodic classification due to its high electronegativity and its spe-
cific properties. Thus, organofluorine chemistry is of great impor-
tance, due to this singular nature of the fluorine atom, combined
with the unique physical and chemical properties that fluorine im-
parts to compounds that contain it. The strong electronic contribu-
tion and negligible steric demands of fluorine present interesting
and unusual properties. Indeed, the specific physicochemical prop-
erties of fluorinated organic compounds are of huge interest in a
wide range of applications.3,4 Consequently, organofluorine chem-
istry has been steadily growing and today possesses a distinctive
role in highly diverse technological developments (fluoropolymers,
pharmaceutical and agrochemical products, materials science,
etc.).5,6 Therefore the development of new methods to introduce
fluorine into molecules is of great interest to organic and medicinal
chemists.

One of the better methods to introduce a trifluoromethyl group
into heterocycles is based on the trifluoromethylated building
block approach. This approach relies on the trifluoroacetylation
ll rights reserved.
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of enolethers or acetals to give, in one-step and good yields,
4-alkoxy-4-alkyl(aryl/heteroaryl)-1,1,1-trifluoroalk-3-en-2-ones
which proved to be useful building blocks for the regiospecific syn-
thesis of numerous heterocyclic compounds.7

Aminosulfur trifluoride reagents are an important class of
fluorinating agents. Commercially available diethylaminosulfur tri-
fluoride (DAST)8 has been utilized more than the other aminosulfur
trifluorides. DAST reacts with aldehydes and ketones under mild
conditions to give geminal difluorides,9 while organic acids react
with DAST to give acid fluorides.10 Reaction of mono alcohols with
DAST replaces the hydroxy group11 with fluorine while reaction
with diols allows isolation of difluorides, sulfite esters, or cyclic
ethers.12

In this study, a typical methodology for the fluorination of some
5-trifluoromethyl-1H-pyrazoles, derived from acyclic (1a–c) and
cyclic vinyl ketones (4, 5), was employed with the aim of evaluat-
ing the chemical behavior of these azoles in the presence of DAST,
under mild reaction conditions.

Thus, in an effort to synthesize new fluorinated compounds
with promising biological properties, in this paper we describe a
synthetic strategy for dehydration, intramolecular cyclization,
and fluorination of trifluoromethyl-1H-pyrazoles and 2-pyrazo-
lines, using a standard methodology.

While the fluorination reactions using DAST are well known,
few examples of the application of DAST as a dehydration reagent
are found in the literature. Whitehead et al.13 carried out extensive
investigations into the application of aminosulfur trifluorides as re-
agents for the fluorodeoxygenation of organic substrates and de-
scribed reactions with substrates possessing several unprotected
hydroxy groups. However, this reaction needed special conditions,
such as an inert atmosphere, and led to a mixture of dehydrated
and fluorinated products.

In an attempt to evaluate the behavior of 4,5-dihydro-1H-pyr-
azoles (2a–c) in the presence of DAST, we carried out reactions
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Scheme 1. Reagents and conditions: (i) NH2NHR1, EtOH, reflux, 20 h; (ii) DAST, CH2Cl2, 0–25 �C, 24 h.
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0–25 �C, 24 h.
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employing DAST in a 1:2 molar ratio, in dichloromethane as sol-
vent, for 24 h at room temperature. These reactions demonstrated
that only a dehydration reaction occurred (3a–c) and the pres-
ence of the monofluorinated compounds was not observed
(Scheme 1).14,15

Thus, due to the relative difficulty of this type of dehydration,
the present methodology was simple, mild, and efficient for the
dehydration of these azoles, preventing the elimination of the
N-1 substituent [C(O)–N bond cleavage] as well as, undesirable
reactions on the acetal moiety of the 2-pyrazoline ring 2a, fur-
nishing compounds 3 in good yields (65–75%). Compounds 2a–c
were previously synthesized from the reaction of 4-methoxy-
1,1,1-trifluoroalk-3-en-2-ones (1) with the respective hydrazines
according to the procedure from the literature.9

Shellhamer et al.12 demonstrated that DAST reacts with dialco-
hols to give difluorides, sulfite esters, or cyclic ethers depending on
the number of carbons separating the alcohol functions, where
semiempirical calculations indicate a preference for cyclic interme-
diates when four or less carbons separate the two hydroxy groups.
Thus, we decided to perform reactions with previously described
4,5-dihydro-1H-pyrazoles (R = C6F5) (6,7) containing four and five
carbon atoms between the two hydroxy substituents, respectively,
being one primary and one tertiary alcohol (Scheme 2).

Surprisingly, when these reactions were carried out, also at a
molar ratio of 1:2 (DAST excess), using dichloromethane as solvent,
for 24 h, the new geminated oxacyclopyrazoles (8, 9) were isolated
in good yields.14,16 The products were isolated as solids by filtra-
tion and purified by a simple washing with cold ethanol.

However, when the dehydrated azoles 10 and 11 were submit-
ted to the same reaction condition as described above for 6 and 7,
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only fluorinated products 12 and 13 were obtained (Scheme 2),
also in good yields.14,17 The difference between the electron-with-
drawing effects of phenylhydrazine and pentafluorophenylhydr-
azine allowed the isolation of 4,5-dihydropyrazoles 6, 7 which
reacted with DAST as alkanodiols, leading to the 5,5- and 5,6-gem-
inated heterocycles and not to fluorinated compounds. Previously,
compounds 6, 7, 10, and 11 were obtained from the reactions of
trifluoroacetylated pyran and furan with phenyl- and penta-
fluorophenylhydrazine according to the described procedure.1

Finally, due to the importance of the insertion of a CF2 group
into organic molecules, we carried out an alcohol oxidation reac-
tion of compound 11 using PCC in dichloromethane,18 which
allowed the isolation of aldehyde 14 in 63% yield.19,20 According
to our previous publication,9 after obtaining the carbonyl pyrazole
14, a difluorination step using DAST could be carried out.

Thus, 14 reacted with DAST also in dichloromethane for 24 h at
room temperature14 leading to the desired difluorinated com-
pound 15 in 71% yield (Scheme 3).21
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In conclusion, this work demonstrated that the employment of
DAST in CH2Cl2 at 0–25 �C for 24 h is a general, mild, and efficient
procedure which can promote dehydration, intramolecular cycliza-
tion, or mono- and difluorination reactions, depending on whether
a hydroxy-alkyl side chain is attached to the C4 of the trifluorom-
ethylated 5-hydroxy-2-pyrazolines and 1H-pyrazoles.

Unless otherwise indicated all common reagents and solvents
were used as obtained from commercial suppliers without further
purification. All melting points were determined on a Reichert
Thermovar apparatus. 1H and 13C NMR spectra were acquired on
a Bruker DPX 200 spectrometer (1H at 200.13 MHz and 13C at
50.32 MHz), 5 mm sample tubes, 298 K, digital resolution
±0.01 ppm, in DMSO-d6 for 2a and 2c, and CDCl3 for others, using
TMS as internal reference. The CHN elemental analyses were per-
formed on a Perkin Elmer 2400 CHN elemental analyzer (São Paulo
University—USP/Brazil). Mass spectra were registered in a HP 5973
MSD connected to a HP 6890 GC and interfaced by a Pentium PC.
The GC was equipped with a split–splitless injector, autosampler,
cross-linked HP-5 capillary column (30 m, 0.32 mm of internal
diameter), and He was used as the carrier gas.
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