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Abstract—Esters of b-bromo or b-chloro perfluorodithiocrotonic acid were prepared from corresponding ketenedithioacetal with
anhydrous magnesium halides. These new polyfluorinated dithiocarboxylates are good dienophiles reacting selectively via the C�S
bond. © 2001 Elsevier Science Ltd. All rights reserved.

Perfluoroketene dithioacetals 3 are versatile building
blocks owing to the easy nucleophilic substitution of
the vinylic fluoride and to the masked carboxylic func-
tion.1–6 Although these compounds are usually pre-
pared from perfluoroaldehydes 1,4 we reported recently
a new method for the synthesis of symmetrical, as well
as unsymmetrical, 3 from thiophilic reaction of organo-
lithium or -magnesium reagents with perfluoroalkane
dithiocarboxylates 2 (Scheme 1).7 During this investiga-
tion, we observed a particular behavior of the reaction
with alkyl magnesium bromide: good yields of 3 were
reached only if the magnesium salts produced during
the reaction were removed before distillation. Hence a
thermal reaction between perfluoroketene dithioacetals
3 and magnesium halides seemed to occur, which

deserved further investigation. The present paper
reports the results of the study of the thermal reaction
of 1,1-bis(ethylsulfanyl)perfluorobut-1-ene 4 with mag-
nesium halides, as well as some chemical transforma-
tions of the new products obtained.

Compound 4,4 on heating with magnesium bromide for
4 min at 240–250°C, was converted into the ethyl
b-bromo-F-dithiocrotonate 5a8,9 in 74% isolated yield
(Scheme 2). Compound 5a was obtained as a mixture of
stereomers (Z/E�35/65), which ratio was determined
by 19F NMR, taking into account the cis and trans 4JFF

coupling constants.9,10 A similar reaction occurred with
magnesium chloride, leading to the corresponding b-
chloro dithiocrotonate 5b8,9 (59%, Z/E�41/59) except
that the thiol ester 6 (26%, Z/E�95/5) was obtained as
a by-product (Scheme 2). The latter is a hydrolysis
by-product which can be explained by some traces of
water in magnesium chloride (obtained by dehydration
of MgCl2, 6H2O).

To the best of our knowledge, compounds 5a,b are the
first representatives of b-halo perfluorodithiocarboxy-
lates. A tentative mechanism of the 4�5 conversion is
depicted in Scheme 3, where coordination of magne-
sium with the sulfur atom favors the nucleophilic dis-
placement of the ethyl group. The resulting magnesium
salt 7 easily loses the b-fluoride to give the intermediate
perfluorodithiocrotonate 8. The last halogen exchange
could be explained by the formation of the thermody-
namically more stable magnesium fluoride.11

Scheme 1.
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Scheme 2. 8

Scheme 3.

It was interesting to investigate the ability of such
conjugated dithioesters to react as heterodienes or
dienophiles. Moreover, either of the two double bonds
may be considered as a dienophilic site. Saturated
perfluorodithiocarboxylates are excellent ‘C�S’ dieno-
philes,12 whereas a-phosphono-a,b-unsaturated dithio-
esters are ‘C�C’ dienophiles.13 Non-fluorinated dithio-
crotonates, unstable compounds, have both heterodiene
and C�C dienophile character, giving dimeric com-
pounds.14 We first attempted a reaction between 5a and
ethyl vinyl ether, considering 5a as an electron poor
heterodiene. No reaction occurred after 2 h in refluxing
benzene. On the other hand, compounds 5a,b reacted
smoothly with 2,3-dimethyl-1,3-butadiene and cyclo-
hexadiene, giving exclusively the [4+2] cycloadducts

9a,b and 10 from the thiocarbonyl double bond
(Scheme 4). High yields were obtained after stirring the
reactants for 1 day at room temperature, without sol-
vent. The adducts 9a,b15,16 were isolated as a mixture
of stereomers, with an E/Z ratio similar to the one of
the starting dithioesters. Reaction of 5a with cyclohexa-
diene gave a complex mixture of stereomers, owing to
the presence of four stereogenic centers. From this
mixture, three major isomers (31/28/41) of 1015,17 were
isolated by preparative TLC on silica gel.

Therefore, the dithiocrotonates 5a,b behave as all
dithioesters bearing a strong electron-withdrawing
group such as saturated perfluoroalkyl12 or phos-
phonyl18 groups, giving specifically dihydrothiopyran
type adducts.

In summary, we disclose a clean and fast thermal
reaction of perfluoroketene dithioacetal 4 with magne-
sium halides which leads to a new class of b-halo
perfluorodithiocrotonic esters 5a,b. These new a,b-
unsaturated dithioesters are stable and are excellent
dienophiles reacting selectively via the thiocarbonyl
group to give cycloadducts 9a,b and 10. The
dithioesters 5a,b are also expected to exhibit an elec-
trophilic reactivity, which is currently under
investigation.
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