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Abstract—The synthesis of alkylsulfanyldifluoro-acetate and ketones by the Halex reaction is described. The remarkable reactivity
of thiodifluoroacetate derivatives opened rapid access for the preparation of useful building blocks such as gem-difluoroketones
and amides. © 2003 Elsevier Science Ltd. All rights reserved.

�-Fluoro alkyl- or aryl-sulfanyl groups are very ver-
satile building blocks useful for the introduction of
mono-, di- or trifluoro functionalized moieties into
complex molecules. Since the synthesis of aryl
fluoromethyl sulfoxides, prepared for the first time via a
halogen exchange reaction,1 several methods for the
preparation of fluorinated sulfoxides,2 or sulfones,3

were reported. Attention is always paid to the synthesis
of such compounds.4 Alkylsulfanyl groups, under dif-
ferent oxidation states, can be removed to introduce a
carbon�carbon double bond,5 or to transfer a free
radical,6 or a carbanion.7 For example, fluoroalkenes
can be prepared from fluorosulfoxides by sulfenic acid
elimination,8a and also by sulfur dioxide extrusion.8b,c

Other important applications include the introduction
of a difluoromethylene group from alkenes and fluoro-
sulfides by trapping fluoroalkyl radical.6 The �,�-
difluoromethylketones are of great interest for the
synthesis of peptide isosters,9 and modified
aminoacids.10,11 In this field, we have been interested by
the synthesis of fluorosulfides bearing an electron with-
drawing group, as starting material for the preparation
of gem-difluoroketones and amides. We have already
described the preparation of �-monofluoro alkylsul-
fanyl esters or ketones.12 Herein we report the extension
of this methodology to prepare gem-difluoro alkylsul-
fanyl carbonyl compounds and their use in fluorinated
building block synthesis.

The straightforward strategy for the preparation of
difluoroalkylsulfanyl esters or amides involves displace-

ment of a bromine atom with thiolates.3,4 This method
allows to obtain fluorosulfides in moderate to good
yields,13 but is limited by the cost of the commercially
available bromofluoroacetate derivatives. Another
strategy suggested in our previous studies, was based
upon a halogen exchange reaction from the gem-�,�-
dichloroalkylsulfanyl carbonyl compounds.12 The
replacement of a chlorine or bromine atom by a
fluorine atom into organic molecules depends on their
reactivity, i.e. upon the position of the halogen in the
molecule and on the corresponding bond energy. The
substitution of halogen atoms by fluorine atoms on
non-activated positions of a saturated aliphatic chain is
sometimes difficult, but relatively easy in the case of
�-alkylsulfanyl esters or ketones 1 or 2 (Scheme 1).

Moreover, the ability to remove the halogen oriented
the choice of the fluorinating reagent. We showed that
the potassium fluoride-18-crown-6 ether mixture can
convert �-chloro into �-fluorothioethers, but 3HF–
Et3N complex14 (the HF-base reagent most easy to
handle) was successfully employed to carry out the
same transformation at lower temperatures.12 The mod-
ulation of the reactivity of this reagent can be con-

Scheme 1.
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trolled, for example, by modifying the proportion of
HF and NEt3, by adding a co-reagent as IF5, or by
performing fluorination under electrochemical oxidative
conditions.15 Here are reported the preparations of
gem-�,�-difluoro thioethers from the corresponding
dichlorosulfides performed with 3HF–NEt3 in the pres-
ence of mild Lewis acid.

�,�-Dichloroalklylsulfanyl esters or ketones 2 were
obtained in two steps and in good overall yields: addi-
tion of the corresponding thiolate onto chloro- (or
bromo-)acetates or ketones followed by the treatment
of the resulting thioethers with two equivalents of sulfu-
ryl chloride or N-chlorosuccinimide. Our initial
attempts of fluorination carried out with Et3N–3HF
showed that the exchange of the first chlorine atom by
the fluorine atom was rapidly performed. The gem-
fluorochlorosulfides 3a–c and 3e–f were the only prod-
ucts obtained over 1 or 2 h in refluxing acetonitrile
(Table 1). These were isolated in 65–75% yields. The
phenylsulfanyl ester 2a reacted more slowly, and the
gem-chlorofluoro ester 3a was isolated in 52% yield
after 8 h in the presence of 4 equiv. of 3HF–NEt3.
When the same reactions were performed in the pres-
ence of one equivalent of Lewis acid (ZnBr2) and four
equivalents of 3HF–Et3N, the second chlorine atom
was displaced and the total conversions of dichloroth-
ioethers 2a–c and 2e–f into difluorosulfides 5a–c and
5e–f were observed. Resulting difluorosulfides were iso-
lated in fair to good yields (52–75%, Table 1). This
methodology was also generalized to the synthesis of
phenylsulfanyl ketones 5g–h, which were isolated in
54–68% yields. The benzyl and phenylketone deriva-
tives reacted more slowly, and the fluorination was
complete after 14–48 h under refluxed solvent (entries
6–8). From the acetylated �-hydroxysulfides, 2d, the
corresponding gem-difluoroester 5d16 was isolated in
80% yield (Table 1: entry 4). As indicated in Table 1,
the rate of the halogen-exchange strongly depends on
the nature of the alkylsulfanyl moiety and also on the
electron-withdrawing group. It decreased from ethyl- to
arylsulfanyl substituents, as shown for the ketones 2e
and 2h, and from esters to ketones (entries 1 and 8).
These results suggest a significant electronic effect of
these substituents on the stability of the sulfenium
intermediate 6 or 7 (Scheme 2). In addition, in the

second step leading to difluorinated sulfides 5 the for-
mation of the sulfenium 7 appeared to be more difficult
due to the presence of the first fluorine atom. The use
of Lewis acid showed to be sufficient and necessary to
displace the equilibrium in favor of 7. Due to the ionic
character of these intermediates, the reaction must be
performed in rigorously anhydrous conditions, in order
to avoid the formation of �,�-dicarbonyl sulfides as
by-products. The sulfenium ions 6 or 7 were easily
hydrolyzed on exposure to moisture.

Another strategy was also explored to prepare �,�-
difluoroalkylsulfanyl ketones from the easily available
ester 5a. Recently, the synthesis of antifungal key inter-
mediates was reported from difluorothioacetate and
aryllithium reagents.13 We investigated the synthesis of
ketones by using alkyllithium or alkylmagnesium
reagents. Treatment of the ethyl difluorophenylsulfanyl
acetate 5a by methyl lithium in THF at −78°C afforded
the difluoroketone 5g in 80% yield (Scheme 3). The
addition of vinyl- or allylmagnesium bromide on the
ester 5a was attempted in the same conditions. In these

Scheme 2.

Scheme 3.

Table 1. Mono- and difluorination of dichlorosulfides 2 via Scheme 1

ZnBr2Sulfide 3,DichlorosulfideEntry Et3N–3HF (equiv.),EWGR1 Sulfide 5,Time
time (h) (h)(%)a,b (equiv.) %a,b2

2a 5a,13 701 5Ph 13a, 524, 8CO2Et
5b, 522 413b, 702, 2CO2MeBz2b

3 5.513c, 75 5c, 752, 2.5CO2MeMeO2CCH22c
2d AcO(CH2)2 CO2Me –4 – 5d, 801 2

1 5e, 613e, 702, 2COPhEt2e5 3
14 5f, 72Bz COMe 2, 26 3f, 652f 1

7 2g Ph COMe – – 1 14 5g, 68
COPhPh 5h,4 54482–2h –8

a Isolated yield.
b All new compounds gave satisfactory analytical data.19
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cases, vinylic and allylic ketones 8a,b, were isolated in
70 and 82% yields, respectively. At higher temperature
or after a long reaction time (>2 h), tertiary alcohols
were formed as by-products. By contrast with the Halex
reaction, by this way ketone 5g was easily prepared in
good yield.

Due to the current interest for the synthesis of fluoro-
amides as building blocks for the preparation of lac-
tams or peptide isosters, the chlorination and the
halogen-exchange reactions were also investigated to
prepare amide 9 or 10 (Scheme 4). However, this func-
tional group was sensitive and a major degradation of
products occurred during the chlorination and the
fluorination stages. The difluoroester 5a was used as
starting material for the direct synthesis of amides. By
addition of n-octylamine at room temperature to a
solution of 5a, the corresponding amide was obtained
after 30 min of stirring. When a stoichiometric amount
of amine was used the phenylsulfanyldifluoroacetamide
9 was isolated in 52% yield, and in the presence of
excess of amine (3 equiv.) in 74% yield.

However, using a secondary amine such as morpholine,
only a 10–15% of addition product was detected in the
crude, and no addition product was observed from
diallylamine. The contrasted reactivity between sec-
ondary and primary amines toward halogenoesters was
previously reported. A competitive formation of amide
and urea could be observed.17 On the other hand, the
synthesis of secondary amidosulfides was achieved in
three steps from the difluoroester 5a through the corre-
sponding acyl chloride.18 The diallylamide 10 was iso-
lated in 64% overall yield (Scheme 4).

In summary, we reported a convenient preparation of
�,�-difluoro alkylsufanyl or arylsulfanyl carbonyl com-
pounds as useful building blocks for the synthesis of
gem-difluoro ketones, esters and amides. The gem-
difluoro ketones can be obtained by two different ways:
by treatment of the corresponding gem-dichlorocar-
bonyl compounds with Et3N–3HF, ZnBr2 mixture as
fluorinating reagent, or by addition of organolithium or
Grignard reagents onto the ethyl �,�-difluorophenylsul-
fanyl acetate 5a at low temperature. The second route
afforded a range of saturated or unsaturated
difluoroketones. The difluorosulfide 5a can be used also
as starting material for the synthesis of difluoroamides,
by its direct addition to primary amine or by using the
corresponding acyl chloride. The Halex reaction can be
easily performed on a scale of several grams, permitting

to handle large amounts of difluorinated material, espe-
cially in the case of the ester 5a. The use of these
fluorinated sulfides in the synthesis of lactams and
aminoacid analogues is under investigation.
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rated and the crude oil (10.4 g) was used in the next step
without purification. 1H NMR (CDCl3) �=1.24 (t,
3JHH=7.1 Hz, 3H, CH3), 4.23 (q, 3JHH=7.1 Hz, 2H,
CH2), 7.38–7.68 (m, 5H, Ph); 13C NMR (CDCl3) �=13.7
(CH3), 64.5 (CH2), 88.0 (CHCl), 128.9, 129.0, 131.1,
137.2 (Ph), 163.8 (CO). Crude ethyl phenylsul-
fanyldichloroacetate (10.4 g, 39.2 mmol) was added at
room temperature under nitrogen to a suspension of
freshly dried zinc bromide (8.85 g, 40 mmol) in anhy-
drous acetonitrile (100 mL). Neat 3HF–NEt3 complex (26
mL, 157 mmol) was then added to the yellow solution,
and the mixture was heated to reflux under nitrogen over
5 h. The solution was cooled down to room temperature
and poured into saturated aqueous solution of NH4Cl (50
mL). The organic layer was extracted with
dichloromethane (100 mL), and then washed with a
saturated aqueous solution of NaHCO3 and brine until
neutral pH, and dried over MgSO4. The resulting crude
oil (12.5 g) obtained after concentration under vacuum
was purified by distillation (125°C/3×10−2 mmHg), lead-
ing to ethyl phenylsulfanyldifluoroacetate 5a (6.4 g, 27.6
mmol, 70%) as colorless oil. 1H NMR (CDCl3) �=1.23
(t, 3JHH=7.1 Hz, 3H, CH3), 4.22 (q, 3JHH=7.1 Hz, 2H,
CH2), 7.30–7.62 (m, 5H, Ph); 13C NMR (CDCl3) �=13.7
(CH3), 63.6 (CH2), 120.8 (t, 1JCF=287.2 Hz, CF2), 124.8,
129.2, 130.6, 136.7 (Ph), 161.6 (t, 2JCF=37.7 Hz, CO);
19F NMR (CFCl3, CDCl3) �=−82,6 (s, CF2); MS (EI)

m/z (%) 232 (100), 159 (82), 109 (15), 77 (19), 65 (10); IR
(film) � 1746 cm−1; HMRS calcd for C10H10F2O2S
232.0370, found 232.0352. N-Octyl-2,2-difluoro-2-phenyl-
sulfanyl acetamide 9. Freshly distillated n-octylamine
(0.63 mL, 3.87 mmol) was added dropwise at room
temperature to a solution of ethyl phenylsulfanyldifl-
uoroacetate 5a (0.3 g, 1.29 mmol) in dichloromethane (5
mL). After 30 min of stirring the solution was washed
with HCl (1N) and brine, then dried over MgSO4. The
crude product was recrystallized in pentane leading to
amide 9 (0.3 g, 74%) as white solid (mp=54–56°C). 1H
NMR (CDCl3) �=0.90 (t, 3JHH=6.8 Hz, 3H, CH3),
1.10–1.40 (m, 12H, CH2), 3.12 (dt, 3JHH=6.8 Hz, 2H,
NCH2), 6.40 (s br, 1H, NH), 7.30–7.50 (m, 5H, Ph); 13C
NMR (CDCl3) �=14.8 (s, CH3), 23.4, 27.4, 29.7, 29.9,
32.5 (s, (CH2)6), 40.7 (s, CH2N), 123.3 (t, 1JCF=289 Hz,
CF2), 125.9, 130.0, 131.2, 137.4 (s, Ph), 162.4 (t, 2JCF=28
Hz, CO); 19F NMR (CFCl3, CDCl3) �=−82.8 (s, CF2).
MS (EI) m/z (%) 315 (5), 206 (29), 156 (100), 77 (15), 71
(37), 57 (30); Anal. calcd for C16H23F2NOS: C, 60.92, H,
7.35, N, 4.44, S, 10.17, Found: C, 60.77, H, 7.45, N, 4.42,
S, 10.13. 1,1-Difluoro-1-phenylsulfanyl-4-pentenone 8b. A
solution of vinylmagnesium bromide (4.5 mL, 1 M in
Et2O, 4.5 mmol) was added dropwise over 5 min to a
solution of ethyl phenylsulfanylacetate 5a (1 g, 4.31
mmol) in anhydrous THF (10 mL) at −78°C. The mixture
was stirred for 30 min and then hydrolyzed by addition
of an aqueous 1N solution of HCl (3 mL). The mixture
was warmed up to room temperature and the aqueous
layer was extracted with CH2Cl2 (10 mL). The organic
layer was washed with brine, dried over MgSO4 and
concentrated under vacuums. The crude oil was purified
by bulb-to-bulb distillation (80–85°C/7×10−2 mmHg) to
afford ketone 8b (0.68 g, 70%) as a yellow oil. 1H NMR
(CDCl3) �=3.33 (d, 3JHH=6.8 Hz, 2H, CH2), 5.05 (dd,
3JHH=17.2 Hz, 2JHH=1.5 Hz, 1H, CH), 5.14 (dd, 3JHH=
10.2 Hz, 2JHH=1.5 Hz, 1H, CH), 5.85 (ddd, 3JHH=17.2
Hz, 3JHH=10.2 Hz, 3JHH=6.8 Hz, 1H, CH), 7.23–7.50
(m, 5H, Ph); 13C NMR (CDCl3) �=40.6 (s, CH2), 120.5,
129.8 (Csp2), 124.8 (t, 3JCF=2.8 Hz, Ph), 122.9 (t, 1JCF=
291.1 Hz, CF2), 128.4, 131.0, 137.0 (s, Ph), 194.2 (t,
2JCF=29 Hz, CO); 19F NMR (CFCl3, CDCl3) �=−85.8
(s, CF2); MS (EI) m/z (%) 228 (15), 159 (49), 109 (28),
77(43), 69 (100), 65 (24), 51 (18), 41 (68); HMRS calcd
for C11H10F2OS 228.0420, found 228.0395.
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