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This Letter presents the first examples of hetero-Diels–Alder reactions of polyfluoroalkanethiocarboxylic
acid amides and 2,3-dimethylbutadiene under microwave heating. Cycloaddition reactions proved to be
dependent on the nature of perfluoroalkyl chain and on the substituents attached to the nitrogen atom.
Formation of ammonium salts was also performed by simple treatment of the corresponding cycload-
ducts with trifluoromethanesulfonic acid. In the case of octafluorobutyl-substituted derivative, one spon-
taneous desamination reaction took place leading to new 2H-thiopyran.

� 2009 Elsevier Ltd. All rights reserved.
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1. Introduction

Addition of perfluoroalkyl substituents to a thiocarbonyl group
substantially rises its dienophilic character in hetero-Diels–Alder
reactions with electron-rich 1,3-dienes giving the possibility to
synthesize fluorine-containing thiopyrane derivatives. Fluorine-
containing thioaldehydes,1–4 thioketones,3,5–7 halogenides of poly-
fluoroalkanethioncarboxylic acids5,8,9 and dithiocarboxylic acid
esters10–14 are used as such dienophiles. At the same time, polyfluo-
roalkanethioncarboxylic acid amides are inert in the reactions with
1,3-dienes. The only successful example of such cycloaddition
reaction was described by Viehe and co-workers for N-methyl-N-
acetyl-trifluorothioacetamide and was explained by the electron-
withdrawing influence of amide substituents on the thiocarbonyl
group (Scheme 1).12

In this Letter, we present the pioneering examples of hetero-
Diels–Alder reactions between fluorinated aliphatic thioamides
and electron-rich 1,3-dienes. Implementation of such reactions
ll rights reserved.

uen.fr (J.-P. Bouillon), sher-
would allow obtaining fluorinated thiopyran derivatives bearing
a basic amino group.

2. Results and discussion

The first attempt was performed using thioamide 1a and 2,3-
dimethylbutadiene (10 equiv) under standard conditions (Scheme
2, Table 1, entry 1). Unfortunately, at room temperature, no con-
version of 1a into 3,6-dihydro-2H-thiopyran 2a was observed (by
19F NMR) in the reaction mixture after 24 h.

Then, we turned our attention to more drastic conditions. First
of all, a mixture of thioamide 1a and 2,3-dimethylbutadiene
(10 equiv) was heated in a sealed tube, at 200 �C and for 20 h,
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Table 1
Reaction of thioamide 1a with 2,3-dimethylbutadiene under various conditions

Entry Reagents and conditions Conversiona (%)

1 Neat, 25 �C, 24 h 0
2 Neat, sealed tube, 200 �C, 20 h <5
3 High pressure (16 kbar), 25 �C, 24 h <5
4 NMP, sealed tube, 180 �C, 16 h <5
5 NMP, microwave (400 W), Weflon™, 180 �C, 3 h 50

a Conversion of 1a into 2a was measured by 19F NMR in the reaction mixture.
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leading to very low conversion (Table 1, entry 2). Activation using
high pressure apparatus (16 kbar, 25 �C, 24 h) or heating in N-
methylpyrrolidone (NMP) at 180 �C for 16 h, was also used without
success (Table 1, entries 3 and 4).

The last method consists in the use of microwave irradiation
and its capacity to heat rapidly reaction mixtures as described in
various examples.15,16 Despite rate enhancement, higher product
yields and easier handling of reaction mixtures are the main ben-
efits usually described for this methodology.17

After experimental design, we found that thioamide 1a reacted
for 3 h with an excess (10 equiv) of 2,3-dimethylbutadiene in NMP
in a sealed tube under microwave irradiation18 at 180�C (400 W),
in the presence of Weflon™ (Teflon™ filled with graphite). This
material is heated by the microwave field and subsequently trans-
fers this heat to the reaction mixture (the same heating effect may
be obtained with graphite but in the case of Weflon™ dispersion of
the powder and dangerous hot-spots are suppressed). Analysis of
the reaction mixture showed 50% conversion of the starting thio-
amide into 2-morpholino-2-trifluoromethyl-3,6-dihydro-2H-thio-
pyrane 2a (Table 1, entry 5). The choice of NMP as the solvent
was justified by its efficiency to transform electromagnetic energy
into thermal energy.19 This polar aprotic solvent allows to work
until 200 �C without troublesome with vapor and high pressure
in the tubes. It is now a common replacement for more sensitive
Table 2
Reactions of thioamides 1a–e with 2,3-dimethylbutadiene under microwaves20

Entry Thioamide R R0 Rf

1 1a (CH2)2O(CH2)2 CF
2 1b (CH2)2O(CH2)2 (C
3 1c H p-Tol CF
4 1d H p-Tol (C
5 1e H H CF

a Isolated yields. All pure cycloadducts were obtained after purification by silica gel c
b Desamination of cycloadduct 2d took place during heating the reaction mixture und
solvents (e.g., DMSO and DMF) in lots of pharmaceutical applica-
tions under microwaves and it may be eliminated by simple
extraction with water during the work up.

In a second step, careful optimization of microwave conditions
was undertaken. Investigating various parameters (time, tempera-
ture, and power input) we observed that longer heating (>3 h) of
the reaction mixture decreased the yield of cycloadduct 2a. In
addition, several other minor fluorinated by-products appeared.
This result could be explained by possible retro-Diels–Alder reac-
tion or polymerization of 2,3-dimethylbutadiene under these con-
ditions. We also observed that the pressure in the vials was very
close to the security values (near 15–16 bars) and that lower quan-
tities of starting reactants allowed working under more acceptable
conditions. Because we also estimated that an excess of 2,3-
dimethylbutadiene was necessary for the success of the synthesis,
we decided to conduct the reaction stepwise, adding new portions
of 2,3-dimethylbutadiene to the reaction mixture every 30 min of
heating. The butadiene derivative was rapidly introduced via a syr-
inge without opening the vial, avoiding release of chemicals into
atmosphere. The overall reaction time was 2.5 h and the global
quantity of 2,3-dimethylbutadiene reached 12.5 equiv. Under
these optimized conditions (Scheme 3),20 a 77% conversion of 1a
into heterocycle 2a was estimated in accordance to 19F NMR spec-
troscopy data of the crude reaction mixture. Cycloadduct 2a21 was
purified by silica gel column chromatography affording a 43% yield
of a thermally stable liquid (Table 2).

The scope of this new hetero-Diels–Alder reaction was then ex-
tended to other perfluorinated thioamides 1b–e bearing different
types of substituents on the amino group (primary and secondary
thioamides) and various perfluoroalkyl chains (n-C3F7, (CF2)4H).
Applying the conditions described above, novel 3,6-dihydro-2H-
thiopyrans 2b–e were synthesized for the first time in low to mod-
erate yields (Table 2, 15–35%).

The basicity of amino group in compounds 2 may be sufficient
for expecting formation of the corresponding ammonium salts in
the presence of a strong acid. Thus, reaction of 2a,c,e with trifluo-
romethanesulfonic acid gave salts 3a,c,e in almost quantitative
yields (Scheme 4).22 Compounds 3a23 and 3e are viscous water sol-
uble liquids, while 3c is a crystalline product. The basic property of
heterocycles 2a,c,e is very important for further biological applica-
tions, especially in order to increase water solubility and biodi-
sponibility of possible active compounds. Indeed, we have earlier
shown that some fluorine-containing dihydrothiopyran derivatives
possess a high inotropic activity.24
T (�C) Conv. (%) Cycloadducta (%)

3 185 77 2a: 43
F2)2CF3 180 50 2b: 28
3 125 54 2c: 26
F2)4H 145 50 2d: 15b

3 85 57 2e: 35

olumn chromatography.
er microwave irradiation.
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Compared to its congeners, the behavior of compound 2d bear-
ing a longer perfluoroalkyl substituent was slightly different.
Under analogous conditions, 2d afforded first the corresponding
salt 3d which underwent spontaneous desamination into 2H-thio-
pyran 4 (Scheme 5).25 Influence of ammonium and octafluorobutyl
substituents (which is more electron-withdrawing than trifluoro-
methyl one) would probably facilitate deprotonation of intermedi-
ate 3d. To the best of our knowledge, compound 4 is one of the first
examples of the 6-perfluoroalkyl-2H-thiopyrans. Only one highly
fluorinated compound of this type was already described in the
literature using a complex thermal rearrangement of 2,3-diaza-
bicyclo[3.2.0]heptadiene.26

3. Conclusion

In conclusion, we have described the first microwave-assisted
hetero-Diels–Alder reactions of perfluoroalkanethioamides 1a–e
with 2,3-dimethylbutadiene affording new 3,6-dihydro-2H-thio-
pyrans 2a–e. The use of rapid and controlled microwave heating
in sealed vials allowed good conditions of work and reproducibil-
ity. We also observed that the nature of perfluoroalkyl chains
and substituents on the nitrogen atom of thioamides have a signif-
icant influence on the yields of 2. Treatment of cycloadducts 2a,c,e
with trifluoromethanesulfonic acid gave the corresponding
ammonium salts 3a,c,e in almost quantitative yields, except for
2-octafluorobutyl-substituted derivative 3d which underwent a
spontaneous desamination reaction. Investigation of the scope
and limitations of these novel hetero-Diels–Alder reactions in the
presence of various thioamides and other electron-rich 1,3-dienes
(symmetrical and unsymmetrical) is actually in course in our
laboratories.
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