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A B S T R A C T

Allylmagnesium reagents react with N,N-dialkylperfluorothioamide to give, at low temperature, an

adduct stable enough to be trapped. At room temperature, this adduct can evolve by elimination of either

a sulfide salt, leading to an iminium intermediate, and then an N,N-dialkyl-a,a-bis(allyl)-a-

perfluoroalkylamine. This process is favoured if an excess of allyl magnesium is used. Alternatively,

the adduct eliminates an aminyl moiety giving allyl(perfluoroalkyl)thioketone which is converted in situ

into an unprecedented fused bis(perfluoroalkyl) bis(dihydrothiopyrane). A sequence deprotonation of

the thioketone – oxidation of the resulting dienethiolate – dimerization of the dienethiyl radical is

proposed to rationalize the formation of this unexpected bicyclic compound.

� 2010 Elsevier B.V. All rights reserved.
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1. Introduction

The chemical reactivity of perfluorodithiocarboxylic acid
derivatives with organometallic reagents is different from the
one of their non-fluorinated analogues [1]. Perfluorodithioesters
react with both alkyl and allyl magnesium and lithium reagents at
sulfur [2], with subsequent fluoride elimination, leading to the
corresponding perfluoroketene dithioacetal. Similarly perfluor-
othioamides are converted to N,S-ketene acetals under reaction
with alkyllithium reagents [3,4]. We have reported the preliminary
results regarding the reaction of perfluorothioamides with
allymagnesium reagents (Scheme 1) [3]. This reaction proceeds,
as in non-fluorinated series [5,6], via a carbophilic attack, probably
because of the donating character of nitrogen which enhances the
coordination of sulfur to magnesium, thus favouring a six member
ring transition state. Thioamide 1 reacts cleanly with 1 equivalent
of allylmagnesium halide at functional carbon at low temperature
to give the thioaminal 3 after trapping of the salt adduct 2 by
methyliodide. Compound 3 was transformed into 1-F-alkyl-1-
amino diene 4 via oxidation to sulfoxide which induced
spontaneous elimination of sulfenic acid [3]. We have since more
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deeply studied the behaviour of the intermediate adduct 2 under
various conditions. We report now our complementary results, and
in particular the formation of a new type of dithiabicyclic
compounds.

2. Results and discussion

In non-fluorinated series, the product obtained after reaction of
a thioamide with allylmagnesium halide was reported to be an
a,a-diallylamine, the second allylation occurring on an interme-
diate iminium salt resulting from the elimination of a metal sulfide
[5]. Because of the stabilization of the tetrahedral adduct by the
withdrawing perfluoroalkyl group, the adduct obtained by
nucleophilic allylation in fluorinated series was quantitatively
trapped with methyl iodide, even if an excess of allylmagnesium
halide was used [3]. We have now observed that bis(allylation) at
carbon can occur if the reaction mixture was left to evolve several
hours at room temperature under anaerobic conditions. As
expected, this process was favoured when reaction was performed
with an excess of allylmagnesium halide. Thus, using 3 equivalents
of allylmagnesium bromide, thioamide 1b was converted into the
compound 5 in 81% isolated yield (Scheme 2).

On the other hand, unexpected results were observed when the
mixture resulting from reaction performed with 1 equivalent of
allylmagnesium reagent was directly submitted to a usual aqueous
work-up or was left to evolve at �10 8C under air bubbling. After
quenching the salt 2a with water, a new compound 6a was isolated
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[(Scheme_1)TD$FIG]

Scheme 1. Reaction of perfluorothioamides with allylmagnesium halide: preliminary

results.
[(Scheme_2)TD$FIG]

Scheme 2. Optimized preparation of the bis(allyl) compound 5.

[(Scheme_3)TD$FIG]

Scheme 3. Conversion of adducts 2 into dithiaheterocycles.

Table 1
Conversion of thioamides 1 into bicyclic compounds 6.

Starting

material

RF X Product Yield (%)

(isolated)

dr

1a CF3 CH2 6a 30 71/29

1b CF3 O 6a 35 75/25

1c C2F5 O 6c 30 67/33

1d C3F7 CH2 6d 35 56/44
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by crystallization in petroleum ether at �18 8C. The same
behaviour was observed for piperidine and morpholine deriva-
tives, as well as for various perfluoroalkyl chains (Scheme 3 and
Table 1). The structure of compounds proved to be difficult to
[(Scheme_4)TD$FIG]
Scheme 4. Proposed over
determine by NMR analysis except that the spectrum seemed to
display two spin systems, possibly due to two isomers. Their
molecular structure were studied by single-crystal X-ray diffrac-
tion (vide infra). This study confirmed the presence of two isomers
and disclosed a very unexpected structure, corresponding to an
unprecedented fused bis(dihydrothiopyrane). Compounds 6a–d
are yellowish crystalline products, well soluble in most organic
solvents. Although they are isolated in 30–35% yields, they
constitute the main component according to the NMR monitoring
of the reaction mixture.

Water seemed to have no role in the formation of compounds 6,
which prompted us to consider that an oxidation process would
operate in place of an actual hydrolysis. The fused dihydrodithio-
pyranes 6 are formally the result of a dehydrodimerization of the
thioketone resulting from a classical condensation process. This
assumption was corroborated by the following qualitative
experiments. The same bicyclic compound was obtained when,
after completion of the addition of allylmagnesium chloride,
temperature was raised to �10 8C and dry air was bubbled in the
reaction medium for 6 h. The same effect was induced when
TEMPO [7] was introduced [8].

This set of experimental results allows us to propose the
reaction pathway depicted in Scheme 4 to rationalize the
formation of different products according to the reaction
conditions. The condensation process leading to the thioketone
(and/or its enethiol tautomer) releases one equivalent of base, the
corresponding amide (or hydroxide under aqueous work-up).
Thus, deprotonation occurs to give the dienethiolate [9] which is
oxidized into a highly delocalized thiyl radical [10]. A head-to-tail
dimerization of this radical yields the final dithiabicyclic product
6. The radical dimerization may also be viewed as a cascade
reaction: addition of thiyl radical–6-exo-trig cyclisation–biradi-
cal coupling (Fig. 1).
all reaction pathway.
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Scheme 5. Synthesis and separation of (cis)-6a and (trans)-6a.
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The preferred formation of the bis(allyl) adduct under
anaerobic conditions, even when only one equivalent of
organometallic reagent was used, may be explained by the
reversibility of all reactions in the range �10 8C to room
temperature, except for the final steps. Under anaerobic
conditions, under such thermodynamic control, all intermedi-
ates and the reactants are present and the iminium intermediate
may be irreversibly trapped by allylmagnesium reagent. As
expected, this trapping is more effective in the presence of an
excess of allyl magnesium reagent. Under aerobic conditions,
the fast oxidation step draws the equilibrium towards the
formation of bicyclic compounds 6. The low yield of the bicyclic
products 6 is probably due to competitive reactions leading to
unidentified products: (i) the amine released in the medium can
react as base or nucleophile with the intermediate thioketone or
the corresponding dienethiol, or with 6; (ii) self [4 + 2]
cycloaddition reactions of unsaturated thioketones and dithioe-
sters were already observed [11]; (iii) unsaturated thiyl radicals
were reported to cyclize [12].
[(Fig._1)TD$FIG]

Fig. 1. Cascade mechanism for the dimerization of the dienethiyl radical.

[(Fig._2)TD$FIG]

Fig. 2. X-Ray structure of compound 6d (mixture of diastereomers).

[(Fig._3)TD$FIG]

Fig. 3. X-Ray structure of compound 6a (minor isomer).
As mentioned above, the structure of 6 was approached by
single-crystal X-ray diffraction analysis. Initially performed on
compound 6d as obtained by aqueous work-up, the analysis
showed that the molecule occupies position on the centre of
inversion and are disordered over two positions, disclosing that it
contains two isomers in the unit cell [13]. The atoms of central
bicyclic system (excluding carbons C-4) are disordered over two
positions A and B with multiplicity 0.71 and 0.29, respectively.
There are no strong distortion and disorder in the perfluoropropyl
groups. The perspective view of molecule 6d is given in Fig. 2.
Atoms of position A are connected by solid line and position B by
dashed line.

The precise geometry of the central bicyclic core being difficult
to determine on such a mixture of diastereomers, we have carefully
isolated and separated the two isomers of compound 6a, from the
reaction with trifluorothioacetamide 1b (Scheme 5). Single crystals
of the minor isomer were obtained for X-ray diffraction analysis
[13], allowing to assign to him unambiguously the trans

configuration (Fig. 3).

3. Conclusions

These complementary results confirm that fluorine substitution
strongly modifies the electrophilic reactivity of thioamides. In
contrast to organolithium reagents, allylmagnesium reacts at low
temperature at carbon to give an adduct stable enough to be
trapped, or which evolves either by a sulfide salt or an amide
elimination at higher temperature. The chemoselectivity strongly
depends on the reaction conditions. The results were rationalized
assuming a reaction under thermodynamic control under anaero-
bic conditions, where an a,a-bis(allyl)-a-pefluoroalkylamine was
formed in a process similar to the one reported for non-fluorinated
analogues. The classical condensation process (amide elimination)
leads to a thioketone converted in situ into a thioenolate which is
easily oxidized under aerobic conditions. The resulting stabilized
thiyl radical dimerizes to give a new type of fused bis(dihy-
drothiopyrane).

4. Experimental

4.1. General remarks

Diethyl ether was distilled from sodium-benzophenone.
Silicagel (Macherey-Nagel GmbH & Co KG – 40–63 mm, ASTM
for column chromatography) was used for flash chromatography.
Melting points (mp) were determined on a Tottoli apparatus and
were uncorrected. NMR spectra were recorded in CDCl3, at
frequencies of 250 or 500 MHz for 1H, 235.3 MHz for 19F and
62.9 or 125.8 MHz for 13C NMR. Chemical shifts (d) are reported in
ppm relative to TMS for 1H and 13C NMR spectra and to CFCl3 for 19F
NMR spectra. In the 13C NMR data, reported signal multiplicities
are related to C–F coupling. The following abbreviations are used to
indicate the multiplicities: s (singlet), d (doublet), t (triplet), q
(quartet), m (multiplet), br s (broad singlet). The progress of all
reactions was monitored by 19F NMR spectroscopy. Elemental
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analysis were performed on a Perkin-Elmer CHN 2400 apparatus
and analyses fell within �0.4% of the calculated values. MS data
were obtained on a Trace MS Thermoquest apparatus (GC–MS) at
70 eV in the electron impact mode.

4.2. Preparation of 2-allyl-2-morpholino-1,1,1-trifluoropent-4-ene (5)

To a solution of thioamide 1b (150 mg, 0.75 mmol) in diethyl
ether (5 mL) was added at �50 8C and under Ar, allylmagnesium
bromide (0.87 M in Et2O, 2.59 mL, 2.26 mmol, 3 equiv.). After 2 h of
stirring at �50 8C and 5 h at room temperature, the reaction
mixture was quenched with sat aq NH4Cl and brine. The organic
layer was dried with MgSO4 and concentrated under reduced
pressure. Chromatography of the residue on SiO2 (PE:Et2O
6:1! 1:1) afforded the bisallyladduct 5 (151 mg, 81%) as a
colourless oil. 19F NMR (CDCl3): d�69.3 (s, CF3). 1H NMR (CDCl3): d
5.84 (m, 2H, 2 55CH), 5.15 (m, 2H, 2 55CHaHb), 5.10 (m, 2H, 2
55CHaHb), 3.62 (m, 4H, 2CH2O), 2.83 (m, 4H, 2CH2N), 2.55 (dd,
J = 7.0, 15.5 Hz, 2CHaHb), 2.46 (dd, J = 7.0, 15.5 Hz, 2CHaHb). 13C
NMR (CDCl3): d 132.5 (q, J = 1.0 Hz, 2 55CH), 128.7 (q, J = 297.5 Hz,
CF3), 119.0 (2 55CH2), 68.5 (q, J = 1.0 Hz, 2 OCH2), 64.5 (q,
J = 21.0 Hz, C–CF3), 47.9 (q, J = 1.0 Hz, 2NCH2), 35.4 (q, J = 1.5 Hz,
2CH2). Anal. Calcd for C12H18F3NO: C, 57.82; H, 7.28; N, 5.62.
Found: C, 58.03; H, 7.56; N, 5.64.

4.3. Preparation and separation of both diastereomers of 3,7-

bis(trifluoromethyl)-1,4a,5,8a-tetrahydro-thiopyrano[4,3-

c]thiopyran (6a)

To a solution of thioamide 1b (191 mg, 0.96 mmol) in diethyl
ether (10 mL) was added at �50 8C and under Ar allylmagnesium
bromide (0.87 M in ether, 1.10 mL, 0.96 mmol, 1 equiv.). After
warming to 0 8C, the reaction mixture was quenched with water.
The ethereal layer was washed with sat aq NH4Cl, dried with
MgSO4 and the solvent was evaporated. The residue (mixture of
two diastereomers cis:trans 75:25) was purified by chromatog-
raphy on SiO2 (pentane 100%, solid deposit) to afford (trans)-6a
(38 mg, 13%) followed by (cis)-6a (47 mg, 16%) both as white
solid.

(trans)-3,7-Bis(trifluoromethyl)-1,4a,5,8a-tetrahydro-thiopyr-

ano[4,3-c]thiopyran (trans)-6a (minor isomer). mp 149 8C (Et2O/
petroleum ether). 19F NMR (CDCl3): d �66.1 (q, J = 1.5 Hz, CF3). 1H
NMR (CDCl3): d 6.18 (s, 2H, 255CH), 3.03 (m, 4H), 2.59 (m, 2H). 13C
NMR (CDCl3): d 127.5 (q, J = 33.0 Hz, C–CF3), 125.5 (q, J = 5.5 Hz,
2CH55), 122.0 (q, J = 273.5, 2CF3), 35.5 (2CH2S), 31.1 (2CH). Anal.
Calcd for C10H8F6S2: C, 39.21; H, 2.63. Found: C, 39.39; H, 2.68. A
sample has been recrystallized in Et2O/EP for X-ray analysis.

(cis)-3,7-Bis(trifluoromethyl)-1,4a,5,8a-tetrahydro-thiopyr-

ano[4,3-c]thiopyran (cis)-6a (major isomer). mp 122 8C (petroleum
ether at �18 8C). 19F NMR (CDCl3): d �66.6 (t, J = 2.0 Hz, CF3). 1H
NMR (CDCl3): d 6.27 (s, 2H, 2 55CH), 3.00 (d, J = 13.0 Hz, 2H), 2.92
(br s, 2H), 2.74 (dd, J = 9.0, 13.0 Hz, 2H). 13C NMR (CDCl3): d 127.7
(q, J = 33.0 Hz, C–CF3), 124.7 (q, J = 5.0 Hz, 2CH55), 122.0 (q,
J = 273.5 Hz, 2CF3), 32.0 (2CH2S), 28.3 (2CH). Anal. Calcd for
C10H8F6S2: C, 39.21; H, 2.63. Found: C, 39.50; H, 2.69.

4.4. General procedure for the preparation of 6 as a mixture of

diastereomers

To a solution of thioamide 1 (4 mmol) in diethyl ether (15 mL),
an equimolar amount of allylmagnesium chloride (2 M solution in
THF) or bromide (1 M solution in ether) was added at �50 8C. The
mixture turns to colorless. After warming to 0 8C, the reaction
mixture was quenched with water. The ethereal layer was washed
with sat aq NH4Cl, dried with MgSO4 and the solvent was
evaporated. The residue was dissolved in hot petroleum ether and
allowed to crystallize at �18 8C. Crystals were filtered, washed
with cold petroleum ether and dried.

3,7-Bis(pentafluoroethyl)-1,4a,5,8a-tetrahydro-thiopyrano[4,3-

c]thiopyran (6c). Mixture of isomers, 1:0.5. Yield 30%, yellowish
crystals. 19F NMR (CDCl3): d �84.3 (s, CF3 minor isomer), �84.4 (s,
CF3 major isomer), dA�112.9, dB�115.8 (JAB = 269.0 Hz, CF2 minor

isomer), dA �114.5, dB �115.3 (JAB = 268.0 Hz, CF2 major isomer).
1H NMR (CDCl3): d 6.14 (m, 2H, 2 55CH), 3.12 (d, J = 13.0 Hz, 2
SCHaHb major isomer), 3.07–2.92 (m, 2 SCH2CH major and minor

isomers, SCHaHb minor isomer), 2.78 (dd, J = 7.5, 13.0 Hz, SCHaHb
major isomer), 2.62 (m, SCHaHb minor isomer). 13C NMR (CDCl3):
d 127.9 (t, J = 8.0 Hz, 2CH55 minor isomer), 127.2 (t, J = 8.0 Hz,
2CH55 major isomer), 126.7 (t, J = 24.0 Hz, 2C–CF2 major isomer),
126.4 (t, J = 24.0 Hz, 2C–CF2 minor isomer), 118.8 (qt, J = 288.0,
38.0 Hz, 2CF3 major isomer), 112.0 (tq, J = 256.0, 39.0 Hz, 2CF2

minor isomer), 111.9 (tq, J = 257.0, 38.5 Hz, 2CF2 major isomer),
36.0 (2CH minor isomer), 32.1 (2CH major isomer), 31.6 (2CH2S
minor isomer), 29.2 (2CH2S major isomer). GC–MS 70 eV, m/z
(rel. int.): 406 [M]+ (70), 391 [M�CH3]+ (36), 229
[M�C2F5CSCH2]+ (100), 215 [M�C2F5CSCH2CH2]+ (42), 203 [M/
2]+ (38), 133 (96).

3,7-Bis(heptafluoropropyl)-1,4a,5,8a-tetrahydro-thiopyrano[4,3-

c]thiopyran (6d). Mixture of isomers, 1:0.8. Yield 35%, yellowish
crystals. 19F NMR (CDCl3): d�80.7 (t, J = 10.0 Hz, CF3 major isomer),
�80.8 (t, J = 10.0 Hz, CF3 minor isomer), dA�109.8, dB�112.9 (AB of
quartets, JAB = 273.0 Hz, J = 10.0 Hz, CF2 major isomer), dA �111.3,
dB �112.4 (AB of quartets, JAB = 273.0 Hz, J = 10.0 Hz, CF2 minor

isomer), �126.6 (s, CF2 major isomer), �126.7 (s, CF2 minor isomer).
1H NMR (CDCl3): d 6.16 (m, 2 55CH major isomer), 6.12 (m, 2 55CH
minor isomer), 3.07 (d, J = 12.5 Hz, 2H, SCHaHb major isomer), 3.04–
2.95 (m, SCH2CH major and minor isomers, SCHaHb minor isomer),
2.76 (dd, J = 12.5, 7.5 Hz, SCHaHb major isomer), 2.63 (m, SCHaHb
minor isomer) ppm. 13C NMR (CDCl3): d 128.3 (t, J = 8.0 Hz, 2CH55

minor isomer), 127.7 (t, J = 8.0 Hz, 2CH55 major isomer), 126.8 (t,
J = 24.0 Hz, 2C–CF2 major isomer), 126.6 (t, J = 24.0 Hz, 2C–CF2

minor isomer), 118.1 (qt, J = 289.0, 35.0 Hz, CF3 major isomer), 113.7
(tt, J = 258.0, 31.0 Hz, CF2 minor isomer), 113.6 (tt, J = 258.0,
31.0 Hz, CF2 major isomer), 108.8 (tq, J = 266.0, 39.0 Hz, CF2 minor

isomer), 35.8 (2CH minor isomer), 32.2 (2CH major isomer), 31.4
(2CH2S minor isomer), 29.1 (2CH2S major isomer). GC–MS 70 eV, m/
z (rel. int.): 506 [M]+ (28), 491 [M�CH3]+ (10), 279
[M�C3F7CSCH2]+ (100), 253 [M/2]+ (42), 133 (84).
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