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Abstract : By halogen-exchange reaction using NEt3-3HF as fluoride source, methyl 2-fluoro-2-
alkylsulfanyl acetate 3a-d could be obtained in good yields. Their ester enolates reacted with aromatic or
aliphatic aldehydes, to lead to methyl a-alkylsulfanyl-a-fluoro-g-hydroxy esters 4-8. By using benzaldehyde as
electrophile, the rerro-aldol reaction could be favorised by a temperature effect. The selective formation of the
syn or the anti diastereoisomers has been controled. © 1998 Elsevier Science Ltd. All rights reserved.

The introduction of fluorine atoms into biological active compounds strongly modifie their properties.
Substitution of a hydrogen atom or hydroxyl group by a fluorine atom has been largely practised. 1-3 Other
interests in bioorganic and medicinal chemistry are the introduction of a fluoroalkene moiety into peptide
isosteres or ribonucleosides for the design of enzyme inhibitors.#-9 In this goal, fluoro-sulfur chemistry seems
to be attractive in order to generate a fluoroalkene motif in various substrats. Alkylsulfanyl acetates 1 were
efficient building-block to prepare a-alkylsulfanyl-B-hydroxy esters derivatives.10-14 These later were
generaly used to study the sulfur elimination reactions to introduce a double bond,15‘17 or to generate an
episulfonium ion to introduce a nucleophile.l&19 The most widespread methods for the synthesis of
alkylsulfanyl-fluoroesters need to handle expensive bromofluoroesters as starting materials. 20,21 Fuchigami22
and Laurent23 too reported their preparation, by direct fluorination using anodic oxidation of sulfides in the
presence of a large excess of triethylamine trihydrogenofluoride (NEt3-3HF). On the other hand, McCarthy
showed that fluorosulfides could be formed from sulfoxides, through a Pummerer-like rearrangement induced
by the diethylaminosulfur trifluoride (DAST) 24 1n this connexion, we have explored a cheapest and general
alternative approach for the preparation of alkylsulfanyl-fluoroesters from fluor-free starting materials. In this
paper we reported our full results concerning their synthesis and the reactivity of their ester enolates towards

carbonyl electrophiles.
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Results and Discussion

Recently, we reported a general preparation of o-chloro-o-fluoro-alkylsulfanyl acetates by a nucleophilic
halogen exchange reaction. In these cases, the dichloromethylene center was highly reactive towards
nucleophiles and the selective exchange of one chlorine by a fluorine atom was successfull. 23-26

In the same approach, we have investigated the possible chlorine-fluorine atoms exchange from
monochloro-alkylsulfanyl acetates 2. The synthesis of alkyl or arylsulfanyl-acetates and their chlorination or
bromination are well documented.2? Halogenations can be performed using sulfuryl chloride (leq.), N-
chlorosuccinimide (NCS) or N-bromosuccinimide (NBS), to lead to chloro- or bromoalkylsulfanyl esters 2 in
good yields. The displacement of the halogen atom from o.-chloro or bromo-alkylsulfanyl-esters was attempted
with various fluoride sources. Attempts with KF failed. However, with the dihydrogentrifluoride polymer-
supported?8 P+H,F3- formation of products was detected after a long reaction time (24h), but in a relatively
moderate yields (30-35%). Several attempts, under different experimental conditions, showed that the halogen
exchange reaction could be effective with the more reactive reagent NEt3-3HF complex. By refluxing an
acetonitrile solution of a mixture of this complex and chloro-alkylsulfanyl esters 2, fluorinated products 3a-d
could be obtained in good yields (Scheme 1 ; Table I).

19 o o)

SO,Cl, / CH,Cly ® ©  NEL.3HF
RS oM = RS —_— R-—S=\ X — 3 - RS
©®  or NBS / pentane OMe CO.Me CH3CN OMe
i
70-80% X reflux F
91 2 3a-d
X = Br, CI
Scheme 1

Table I : Preparation of monofluoroesters 3

Entry X R Reagent (eq.) Additive Time prod. : yield®
1 Cl C,yHs- NEt3-3HF (4 eq.) none 2h 3a:75
2 Br CoHs- NEt3-3HF (4 eq.) none 1.5h 3a:69
3 Cl (CH3),CH- NEt3-3HF (4 eq.) none 2h 3b:76
4 Cl CsHsCHy- NEt3-3HF (4 eq.) none 7h 3c:62
S Cl CgHs- NEt3-3HF (6 eq.) none 70h 3d (65)b
6 Cl CeHs- NEt3-3HF (6 eq.)  ZnBrj 18h 3d: 66

a. isolated yield ; b. conversion determinated by !H NMR.

The reaction required not less than four fold excess of reagents, in order to limit the formation of by-
products after a long reaction time.

The influence of the halogen nature was not so expected (Entry 2). The bromo-alkylsulfany! ester reacted
slightly rather than the chlorinated analogue, but the yield was limited by its thermal unstability.

In contrast, the rate of the halogen-exchange step strongly depends on the alkylsulfanyl moiety, decreasing
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from ethyl-, to benzyl- and phenylsulfanyl substituents (Entry 1, 4, 5). The inductive effect of these substituents
seems to be responsible of these differences of reactivity. These suggest a two steps mecanism involving the
formation of sulfenium intermediate (Scheme 1). The electronic character of the alkylsulfanyl moiety appeared
to be the driving-force of this first step. The partial delocalisation of the lone pairs of the sulfur atom contributed
to the formation of the sulfenium intermediate, only when sulfur atom was substituted by an electron-donating
group (ethyl, benzyl). If it was not confirmed, the complete conversion failed, even after a long reaction time
(Entry 5). Attempt to favorise the formation of the sulfenium and catalyse this atoms exchange reaction by
addition of mild Lewis acid, was sucessfull.29 In presence of zinc bromide (1 eq.), the displacement of the
chlorine atom was complete in a raisonnable reaction time. Methyl 2-fluoro-2-phenylsulfanyl acetate was
obtained in 68% isolated yield after 18h (Entry 6).

This new procedure appeared to be more efficient than other methodologies,20-24 and allowed a simple
and cheapest route to a large variety of o-fluoro-alkylsulfanyl esters in good yields. By contrast with others, this
method allowed to save steps of formation of intermediate sulfoxide and avoid to handle expensive reagents
diethylaminosulfur trifluoride reagent (DAST) and ethyl bromofluoroacetate.

In order to prepare B-hydroxy-o-alkylsulfanyl esters derivatives 4-8 as potential precursor of
fluoroalkenes, we studied the reactivity of the ester enolates, generated from o-fluoro-alkylsulfanyl esters 3,
towards carbonyl compounds. The addition of non fluorinated ester enolates to aldehydes and ketones are well
documented.30,10-14 Diastereoselective additions have been reported using titanium enolate, which favored
the formation of the syn diastereoisomer. 12 Some examples described the reactivity of sulfoxides,20 but only
a short communication from B. Ducep et al. described the condensation of corresponding sulfides, such as ethyl
fluoro-phenylsulfanyl acetate,2! and aldehydes. Aldol products were used as precursors of fluoroalkenes by

31,32 o o,o-difluoroesters via the formation of episulfonium. 21 These, prompt us to

sulfur elimination,
report our full results concerning the reactivity and the selectivity of the addition reaction of the a-fluoro-
alkylsulfanyl-acetates towards carbony! electrophiles.

The lithiated anions derived from ester 3a have been generated with LDA at -78°C, and allowed to react
with aromatic or aliphatic aldehydes and ketone, leading to a diastereoisomeric mixture of methyl 2-fluoro-2-

cthylsulfanyl-3-hydroxy-3-alkyl-alkanoate 4a-8a (Scheme 2). Results are summarised in Table II.

O OLi (@] HO R1
SEt 1eq. LDA N SEt1) R4CORy/-78°C
MeO > MeO ™ MeO 4 R,
-78°C / THF 2) NH4Cl ’F
F E EtS
3a 4a-8a

Scheme 2
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Table II : Synthesis of a-alkylsulfanyl-o-fluoro-p-hydroxyesters

Electrophile Product2 Yield (%)b; ¢
@] OH
MeO 4 56
H Ets F
o 4a
(o] OH
\/\H/H M/\
o MeO . 52
EtS F
Sa
(@] OH
\/\H/H
5 MeO 7 = 53
EtS F
6a
O OH
/‘ﬁ(“ MeO” 54
o EtS F
7a
o)
52
MeO 4 OH
EtS F
8a

a. All reactions were performed at -78°C during 2.5h b. isolated yield. ¢ mixture of diastereoisomers (1:1 ratio)

The reaction afforded adducts in moderate yields with aldehydes, and cyclopentanone. The crude products
was always contaminated by an important quantity of electrophile, but without traces of starting sulfanyl ester.
The total deprotonation of the sulfanyl ester has been checked by quenching the anion with D0. The anion was
formed by addition of neat sulfide on a LDA solution in THF, and after 1 hour of stirring in presence of D,0,
the mixture was allowed to warmed to 0°C. The crude deuterated ester formed was caracterised by fluorine
NMR, and presented only a triplet (2Jpp = 14 Hz) at -163.5 ppm without other products. The addition of
TMEDA, zinc bromide, or a simultaneous addition of the thioether and the electrophile to a solution of LDA, did
not increase significantly the yields. These results showed a thermal instability of the ester enolates at -78°C. A
complete conversion of the electrophile was observed only with no less than 3 equivalents of anion. This
suggested a slight decomposition of the anion during the process.

By comparison with the recent observations reported by Ducep et al.2! which reported a better yield from
phenylsulfanyl acetate (80%), the nature of the sulfanyl group seems to be important. The thermal stability of the
ester enolate was strongly depending on the electron-withdrawing character of alkylsulfanyl moiety. Attempts to
quenche the ester enolates by addition of chlorotrimethylsilane lead to a unstable mixture of fluorinated products.
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In each cases, the aldolisation reaction lead to products with a poor control of the selectivity. At -78°C, a
separable diastereoisomeric mixture in 1:1 ratio was obtained. However, using benzaldehyde as electrophile the
esters 3a or 3¢, yielded stereoselectively to one of the diastereoisomers 4a or 4¢ (scheme 3). The
stereoselectivity of this reaction was strongly depending on the temperature of hydrolysis. The aldehyde was
added at -78°C in few minutes, and the mixture was gradually warmed to 0°C during 2.5h, before to be
hydrolysed by addition of aqueous NH4Cl. The 19F and 'H NMR analysis of the crude mixture showed the anti
isomer as the major product. By contrast, opposite results were observed at -50°C. After warmed up at -50°C
and hydrolysis, the syn isomer were preferentially obtained (Table III).

Li Q@ Ho H Q y oH
1eq. LDA SR 1) PhCHO / -78°C = K
MeO SR ——— peo™ ——————=Me0” " “Ph" MeO” P "Ph
F

-78°C / THF 2) NH4C1/-50°C F SR F SR
F or 0°C
R = Et, PhCHo syn : anti
3a or 3¢ 4a or 4c
Scheme 3
Table III : Diastereoselective formation of fluoroesters
Ester Temp.2 Product | syn : antiP yield

-78°C 60 : 40 56

3a -50°C 4a 72:28 49

0°C 14 : 86 52

-78°C 56:44 52

3¢ -50°C 4c 68 : 32 51

0°C 20:80 49

a. Temperature of hydrolysis. b. Crude ratio determinated by 19F and 'H NMR.
Attempted to control the selectivity by addition of strong Lewis acid (TiCly) resulted in the decomposition
of products in the medium.
Isolation and recristallisation of the syn 4c 1somer allowed its structure determination by X-Ray 33
analysis (Scheme 4). By correlation with the fluorine and proton NMR data, the syn and anti NMR shifts of the
adducts 4¢ and 4a, were unambiguously located .

Scheme 4 : ORTEP diagram of 4¢
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This selectivity was depending on the alcoholates stability in the medium. Pure alcoholates were formed by
stirring isolated syn adduct 4a in presence of LDA at -78°C, and the mixture was slowly warm-up to 0°C during
2h (Scheme 5). The resulting pure syn 4a was converted in a mixture of syn , anti isomers 4a, benzaldehyde
(2.5/4/ 3.5 ratio) contaminated with some traces of 3a. Performing the reaction of 3a with the benzaldehyde in
presence of freshly dried zinc bromide (1 eq.), the 1:1 syn : anti ratio was maintained between -78° and 0°C.
These suggest that a retro-aldol reaction proceed between -78°C and 0°C, and did not occur in presence of zinc
bromide. The addition of zinc bromide in the medium should stabilised the intermediate alcoholates. This
selectivity was limited and not observed with aliphatic aldehydes. The addition of ester enolates of 3a with
butanal, or crotonaldehyde provided a diastereoisomeric mixture of products 5a or 6a in about 1:1 ratio at

different temperatures.

Li@@ 0 OH
H
TR & HzO* %
_ﬁ
PhCHO Me0” 3 “Ph 0°C MeG™ 7 "Ph
o) oLi = F SR Fntis:lR
LDA/ THF 0°C a
SR~ x-SR ®
MeO' MeQO Li
-78°C o o)
-50°C o @ n O HQ H

3a orFac ZE i \ _HLW,

PhCHO MeO” Y~ “Ph _ggoc MO ) Ph
“ F SR
F SR
syn 4
Scheme 5

In conclusion, we reported an efficient synthesis of 2-alkylsulfanyl-2-fluoro esters by halogen-exchange
reaction using NEt3-3HF as a fluoride source. Ester enolates generated from these esters could added to
carbonyl compounds including cyclic ketone, to afford a separable diastereoisomeric mixture of o-alkylsulfanyl-
a-fluoro-B-hydroxy esters. These reactions opened a general route to highly functionnalised fluoroesters in only
3 steps from easily available starting materials. The selectivity of the addition of these ester enolates could be
controled only with benzaldehyde. This selectivity is a result of a retro-aldol reaction, allowing an access to the
anti isomers, which cannot be prepared in presence of Lewis acid. Extension of the selective formation of B-
hydroxy-o-alkylsulfanyl esters to other aromatic aldehydes, and reactivity of fluoro-alkylsulfanyl ester enolates

towards other electrophiles are under investigations.

Acknowledgements : Authors gratfully thanks DF J-P. Bégué (CNRS) for his critics during the
preparation of this manuscript. We wish to thank MT S. Leroux for his contribution during the preparation of
starting sulfides.

Experimentals

TH NMR were recorded at 250 MHz and !3C NMR at 62 MHz on a Brucker AC-250 MHz 19F NMR
were recorded at 75.3 MHz on a Brucker WP-80 MHz spectrometers, using TMS or CFCl3 as reference. Mass
spectra were performed on a Nermag Riber R10. All solvents were purified by standard methods. Sulfides were
prepared by the usual procedure.25
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Methyl 2-ethylsulfanyl-2-fluoroacetate 3a

To a solution of methyl 2-chloro-2-ethylsulfanylacetate (2.4 g, 14 mmol) in MeCN (20mL) was added dropwise
Et3N.3HF (9.4 mL, 58 mmol). This solution was refluxed under nitrogen during 2 hours. After cooling to
room temperature, the mixture was diluted with CH>Cly and washed with saturated aqueous solution of sodium
bicarbonate. The organic layers were washed twice with brine, dried and concentrated. The residue was distilled
under reduced pressure (bp 25°C/0.03 Torr) to lead to 1.6 g (75%) of 3a.

'H NMR (CDCl3) : § = 1.33 (t, 3Jyy = 7.6 Hz, 3H, CH3;CH>S) ; 2.77 (m, 2H, CH3CH,S) ; 3.85 (s, 3H,
OCH3) ; 5.95 (d, WHF = 52.0 Hz, 1H, CHFCO). 13C NMR (CDCl3) : 8 = 15.0 (CH3CH3) ; 24.8 (CH3CH,) ;
53.0 (OCH3) ; 92.2 (d, lJcg = 228.8 Hz, CHFCO) ; 166.8 (d, 2Jcr = 30.3 Hz, CO). !9F NMR (CDCl3) : § =
-162.7 (d, 2Jyp = 52.0 Hz, IF, CHF). Anal.Calcd. for CsHgO2SF (152.18) : C, 39.46 ; H, 5.96. Found C,
38.79 ; H, 5.84.

Following the above procedure from methyl 2-bromo-2-ethylsulfanylacetate (1.06g, 4.98 mmol) and Et3N.3HF
(3.2 mL, 19.8 mmol) 520 mg (69%) of 3a was obtained after 1.5h of reflux under nitrogen.

Methyl 2-isopropylsulfanyl-2-fluoroacetate 3b

Following the above procedure from methyl 2-chloro-2-isopropyisulfanylacetate (0.8 g, 4.42 mmol) and
Et3N.3HF (2.87 mL, 17.7 mmol), 0.75 g of crude 3b was obtained. After usual work-up, the residue was
distilled under reduced pressure (bp 30°C/0.04 Torr) to lead to. 0.561g (76%) of 3b.

'H NMR (CDCl3) : 8 = 1.26 (d, 3Jyy = 6.8 Hz, 3H, (CH3);CHS) ; 1.32 (d, 3Jyu = 6.7 Hz, 3H,
(CH3)2CHS) ; 3.19 (dsept, 3Jyn = 6.7 Hz, 4Jyr = 1.8, Hz, 1H, (CH3),CHS) ; 3.77 (s, 3H, OCH3) ; 5.95 (d,
2JgF = 54.0 Hz, 1H, CHFCO). 13C NMR (CDCl3) : 8 = 23.6 ((CH3)2CH) ; 24.1 ((CH3)2CH) ; 36.4
((CH3)2CH) ; 52.9 (OCH3) ; 92.3 (d, 1Jcp = 228.1 Hz, CHFCO) ; 166.8 ((d, 2Jcg = 29.1 Hz, CO). I19F

NMR (CDCl3) : § =-160.0 (d, 2Jyr = 53.7 Hz, IF, CHF). Anal.Calcd. for CgH|[O2SF (166.22) : C, 43.36 ;
H, 6.67. Found C, 42.97 ; H, 6.62.

Methyl 2-benzylsulfanyl-2-fluoroacetate 3c

To a solution of methyl 2-benzylsulfanyl-2-chloroacetate (0.94 g, 4.07 mmol) in MeCN was added dropwise
NEt3-3HF (2.65 mL, 16.3 mmol). This refluxed under nitrogen for 7h. After usual work-up, the residue was
distilled under reduced pressure (bp 110°C/0.02 Torr) to lead to 540 mg (62%) of 3c.

TH NMR (CDCl3) : 8 = 3.72 (s, 3H, OCH3) ; 3.94 et 3.99 (ABX syst., 2Jp4aHap = 12.1 Hz et 4Jpqp = 2 Hz,
2H, PhCHy) ; 5.83 (d, JuF = 52.3 Hz, 1H, CHF) ; 7.33 (m, 5H). !3C NMR (CDCl3) : § = 34.2 (CHyPh) ;
53 (CH30) : 91.1 (d, 'JcF = 225 Hz, CHF) ; 127.8, 128.9, 129.3, 135.6 (aromaticC ) ; 166.9 (CO). 19F NMR

(CDCl3) : 8 = -165.3 (d, lJyp = 52.3 Hz). Anal.Calc. for C|gH;O2SF (214.26) : C, 56.06 ; H, 5.17, .
Found C, 55.46 ; H, 4.97.

Methyl 2-phenylsulfanyl-2-fluoroacetate 3d

To a suspension of freshly dried zinc bromide (0.63 g, 2.8 mmol), was added a solution of methyl 2-chloro-2-
phenylsulfanylacetate (0.6 g, 2.8 mmol) in MeCN and neat NEt3-3HF (2.72 mL, 16.8 mmol). After 18h of
reflux, the cooled solution was washed, and the residue was distilled under reduced pressure (bp 70°C/0.03
Torr) to lead to 0.37 g (66%) of 3d.

'H NMR (CDCl3) : 8 = 3.70 (s, 3H, CH30) ; 6.1 (d, 2JgF = 52.4 Hz, 1H, CHF) ; 7.37 (m, 3H ) ; 7.53 (m,
2H). 13C NMR (CDCl3) : 8 = 52.9 (CH30) ; 94.5 (d, !Jcg = 233 Hz, CHF) ; 129.2, 129.4, 129.7, 134.2

(aromatic C) ; 165.7 (d, ZJcp = 29 Hz, CO). !9F NMR (CDCl3) : & = -158.8 (d, 2J4F = 52.4 Hz). Anal. Calc.
for CgHgO;SF (200.23) ; C, 53.99 ; H, 4.53 . Found C, 54.06 ; H, 4.55 .

Condensation of fluoro sulfides with carbonylated electrophiles : General procedure

To a solution of diisopropylamine (12 mmol) in THF (4 mL) under nitrogen was added dropwise
butyllithium (10.6 mL, 1.2 M in hexane, 11.5 mmol) at -78°C. After 20 min of stirring at -20°C, the solution
was cooled (-78°C) and neat fluorosulfide (10 mmol) was added. After 30 min of stirring at -78°C, the
electrophile was added (10.2 mmol) and the reaction mixture was stirred over 2.5h. The mixture was
hydrolyzed by addition of aqueous solution of ammonium chloride at -78°C. The solution was extracted with
CH2CI2 at room temperature, and the combined organic layers was dried (MgSO4), and concentrated. The oily
residue was purified by flash chromatography (EtOAc/cyclohexane, 1:6).

When the hydrolysis was done at -50°C or 0°C, the electrophile was added at -78°C, and the resulting
mixture was slowly warmed to -50°C or 0°C during 2.5h before hydrolysis. After usual work-up, adducts were
isolated by FC.
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Methyl 2-ethylsulfanyl-2-fluoro-3-hydroxy-3-phenyl-propanoate 4a
At -78°C, from methyl 2-fluoro-2-ethylsulfanylacetate 3a (173 mg, |.14 mmol) and benzaldehyde (0.12

mL, 1.16 mmol), a diastereomeric mixture of 4a was obtained in a 6/4 syn/anti ratio (19F and 1TH NMR). After
chromatography, 59 mg of syn isomer 4a (20%), 75 mg of a diastereomeric mixture (26%) and 30 mg of anti

isomer 4a (10%) were obtained.
At -50°C, from 3a (200 mg, 1.31 mmol) and benzaldehyde (0.14 mL, 1.34 mmol), a diastereomeric

mixture of 4a was obtained in a 72/28 syn/anti ratio (19F and 'H NMR). After chromatography, 165mg of

diastereomeric mixture 4a (49%) was obtained.
At 0°C, from 3a (200 mg, 1.31 mmol) and benzaldehyde (0.14 mL, 1.34 mmol), a diastereomeric

mixture of 4a was obtained in a 14/86 syn/anti ratio (19F and 'H NMR ). After chromatography, 175 mg of a
diastereomeric mixture 4a (52%) was obtained.

syn isomer : 'TH NMR (CDCl3) : 8 = 1.19 (t, 3Jgn = 7.3 Hz, 3H, CH3CH;S) ; 2.62 (m, 2H, CH3CH;S) ;
2.94 (m, 1H, CHOH ) ; 3.64 (s, 3H, OCH3) ; 5.07 (d, 3JyF = 17.7 Hz, 1H, CHCF) ; 7.3 (m, 5H, Ph). 13C
NMR (CDCl3) : & = 14.6 (CH3CH2) ; 23.9 (CH3CH3) ; 52.9 (OCH3) ; 76.5 (d, 2JcF = 20.6 Hz, 1C, CHCF) ;
103.6 (d, 1Jcp = 240.6 Hz, CFCH) ; 127.9, 128.3, 129.0, 136.8 (Phenyl) ; 167.8 (d, 2Jcf = 30.5 Hz, CO).
I9F NMR (CDCl3) : 8 = -152.1 (d, 3/3g = 17.6 Hz, 1F, CHCF).

anti isomer : TH NMR (CDCl3) : 8 = 1.13 (t, 3Jyy = 7.0 Hz, 3H, CH3CH,S) ; 2.52 (m, 2H, CH3CH,S) ; 2.83
(m, 1H, CHOH ) ; 3.82 (s, 3H, OCH3) ; 5.08 (d, 3Jyf = 18.6 Hz, 1H, CHCF) : 7.3 (m, 5H, Ph). 13C NMR
(CDCl3) : 8 = 14.4 (CH3CHy) ; 24.1 (CH3CH3) ; 53.3 (OCH3) ; 76.9 (d, 2Jcp = 20.6 Hz, 1C, CHCF) ; 104.8
(d, 1Jcr = 241.5 Hz, CFCH) ; 128.1, 128.4, 129.2, 136.9 (Phenyl) ; 168.1 (d, 2JcF = 32.3 Hz, CO). 19F
NMR (CDCl3) : § = -154.9 (d, 3JyF = 18.3 Hz, IF, CHCF). MS : m/z (%) = 258 ([M]*, 1.3) ; 177 (11) ; 152
(100) ; 60 (66) ; 51 (11). Anal.Calc. for C;2H|503SF (258.31) : C, 55.80 ; H, 5.85. Found C, 55.32 ; H,
5.61.

Methyl 2-ethylsulfanyl-2-fluoro-3-hydroxy-hexanoate 5a
At -78°C, from methyl 2-fluoro-2-ethylsulfanylacetate 3a (201 mg, 1.31 mmol) and butanal (0.12 mL,

1.34 mmol), a diastereomeric mixture of 3a was obtained in a 55/45 syn/anti ratio (19F and 'H NMR in the
crude product). By column chromatography 155 mg (52%) of diastereomers was obtained .

syn isomer : 1H NMR (CDCl3) : § = 0.87 (t, 3Jygy = 7.3 Hz, 3H, CH3;CH7CH,CHOH) ; 1.20 (t, 3/Jgg = 7.6
Hz, 3H, CH3CH3S) ; 1.2-1.7 (m, 4H, CH3CHCH>CHOH) ; 2.46 (m, 1H, CHOH) ; 2.4 to 2.8 {m, 2H,
CH3CH>S) ; 3.79 (s, 3H, OCH3) ; 3.97 (ddd, 3Jy3F = 16.4 Hz, 3Jy3H4 = 10.0 Hz, 3Jy3p4 = 2.2 Hz, 1H,
CHCF). 13C NMR (CDCl3) : 8 = 13.7 (CH3CH,CH2CHOH) ; 14.6 (CH3CH3) ; 19.1 (CH3CH,CH,CHOH) ;
23.4 (CH3CH») ; 33.7 (CH3CH2CH,CHOH) ; 53.0 (OCH3) ; 74.5 (d, 2Jcp = 22.4 Hz, 1C, CHCF) ; 105.4
(d, "JcF = 235.2 Hz, 1C, CHCF) ; 168.2 (d, 2Jcp = 32.3 Hz, CO). '9F NMR (CDCl3) : § = -149.8 (d, 3Jyp =
16.2 Hz, IF, CHCF).

anti isomer :TH NMR (CDCl3) : 8 = 0.89 (t, 3Jyy = 7.3 Hz, 3H, CH3;CH,CH,CHOH) ; 1.20 (t, 3Jyy = 7.6
Hz, 3H, CH3CH;S) ; 1.2-1.8 (m, 4H, CH3CH,CH,CHOH) ; 2.10 (m, 1H, CHOH) ; 2.4 to 2.8 (m, 2H,
CH3CH;S) ; 3.80 (s, 3H, OCH3) ; 3.97 (ddd, 3Ju3F = 17.7 Hz, 3Jyg3n4 = 10.0 Hz, 3Jy3y4 = 2.0 Hz, 1H,
CHCF). 13C NMR (CDCl3) : § = 13.7 (CH3CH,CH,CHOH) ; 14.6 (CH3CH>) ; 18.9 (CH3CH,CH;CHOH) ;
23.9 (CH3CH3) ; 33.3 (CH3CH2CH,CHOH) ; 53.0 (OCH3) ; 74.4 (d, 2JcF = 23.3 Hz, 1C, CHCF) ; 105.4
(d, ¢ = 234.3 Hz, 1C, CHCF) ; 168.3 (d, 2JcF = 33.2 Hz, CO). 19F NMR (CDCl3) : § = -154.9 (d, 3up=

18 Hz, IF, CHCF). MS : m/z (%) = 224 ([M]*, 0.7) ; 164 (3.3) ; 152 (81) ; 151 (57) ; 120 (100) ; 73 (10) ; 59
(34). Anal.Calc. for CoH1703SF (224.29) : C, 48.19 ; H, 7.64. Found C, 48.89 : H, 7.81.

Methyl (E)-2-ethylsulfanyl-2-fluoro-3-hydroxy-hexen-4-oate 6a

At -78°C, from 3a (199 mg, 1.31 mmol) and (E) crotonaldehyde (0.11 mL, 1.34 mmol), a
diastereomeric mixture of 6a was obtained in a 60/40 syn/anti ratio ( 19F and 'H NMR). After purification 154
mg (53%) of diastereomers were obtained.
syn isomer :JH NMR (CDCl3) : § = 1.20 (t, 3Jqu = 7.3 Hz, 3H, CH3CH3S) ; 1.66 (dd, 4JH4H6 = 1.2 Hz,
3Jusye = 6.5 Hz, 3H, CH3CH=CH) ; 2.4 (m, 1H, CHOH) ; 2.61 (m, 2H, CH3CH>S) ; 3.77 (s, 3H, OCH3) ;
4.42 (dd, 3Jy3F = 16.6 Hz, 3Jy314 = 7.6 Hz, 1H, CHCF) ; 5.53 (ddq, 4Jy4ne = 1.2 Hz, 3J4344 = 7.6 Hz,
3Jy4aus = 15.6 Hz, 1H, CH3CH=CH) ; 5.78 (dq, 3JusHe = 6.4 Hz, 3Jyqans = 15.6 Hz, 1H, CH3CH=CH).
13C NMR (CDCl3) : § = 14.6 (CH3CH>) ; 17.9 (CH3CH=CH) ; 23.6 (CH3CH3) ; 53.0 (OCH3) ; 76.3 (d,
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2Jcp = 22.4 Hz, 1C, CHCF) ; 104.8 (d. 'JcF = 235.2 Hz, 1C, CHCF) ; 126.2 (d, 3JcF = 3.6 Hz,
CH3CH=CH) ; 132.4 (CH3CH=CH) : 167.8 (d, 2JcF = 31.4 Hz, CO). |9F NMR (CDCl3) : & = -149.5 (d,
3Jyr = 16.5 Hz, 1F, CHCF).

anti isomer :'"H NMR (CDCl3) : 8 = 1.18 (t, 3Jgy = 7.6 Hz, 3H, CH3CH>S) : 1.70 (dd, 4/Hane = 1.5 Hz,
3JusHe = 6.4 Hz, 3H, CH3CH=CH) : 2.6 (m, 1H, CHOH) ; 2.4-2.8 (m, 2H, CH3CH>S) : 3.80 (s, 3H,
OCH3) ; 4.45 (dd, 3Jy3p = 18.2 Hz, 3Jyg3n4 = 4.3 Hz, 1H, CHCF) ; 5.52 (dd, 3Jy3ygs = 7.6 Hz, 3Jgans =
15.3 Hz, 1H, CH3CH=CH) ; 5.82 (dq, 3/ysue = 6.4 Hz, 3Ju4Hs5 = 15.6 Hz, 1H, CH3CH=CH). 13C NMR
(CDCl3) : & = 14.6 (CH3CH3) ; 17.9 (CH3CH=CH) ; 23.6 (CH3CH3) ; 53.1 (OCH3) ; 75.8 (d, 2JcF = 21.5
Hz, 1C, CHCF) : 104.8 (d, JcF = 236.1 Hz, 1C, CHCF) ; 125.8 (d, 3JcF = 1.8 Hz, CH3CH=CH) ; 132.8
(CH3CH=CH) : 168.1 (d, 2Jck = 32.3 Hz, CO). 19F NMR (CDCl3) : § = -155.0 (d, 3Jgp = 18.2 Hz, IF,

CHCF). MS : m/z (%) = 222 ([M1+, 0.9) ; 162 (3.7) ; 152 (100) ; 151 (77) ; 120 (83) ; 71 (52) ; 59 (30).
Anal.Calc. for CoH|503SF (222.27) : C, 48.63 ; H, 6.80. Found C, 48.49 ; H, 6.97.

Methyl 2-ethylsulfanyl-2-fluoro-3-hydroxy-4-methyl-pentanoate 7a

At -78°C. from 3a (200 mg, 1.31 mmol) and isobutyraldehyde (0.12 mL, 1.34 mmol), a diastereomeric
mixture of 7a was obtained in a 50/50 syn/anti ratio (‘H NMR). Purification lead to 158 mg (54%) of a
diastereomeric mixture .
syn isomer : 'H NMR (CDCl3) : 8 = 0.92 (d, 3Jyy = 6.7 Hz, 3H, (CH3)2CH) ; 0.94 (dd, 4/yp = 1.5 Hz, 3JHH
= 6.7 Hz, 3H, (CH3),CH) ; 1.20 (t, 3Jyy = 7.6 Hz, 3H, CH3CH>S) ; 1.82 (sept, 3Juy = 4.6 Hz, 1H,
(CH3)2CH) ; 2.18 (d, 3/H3H3 = 8.2 Hz, 1H, CHOH) ; 2.58 (m_2H. CH3CH>S) ; 3.79 (s, 3H. OCH3):3.92
(ddd, 3Ju3u3 = 8.2 Hz, 3Jy3H4 = 4.6 Hz, 3Jy3f = 21.2 Hz, 1H, CHCF). 13C NMR (CDCl3): 8= 14.6
(CH3CHy) ; 17.2 and 20.6 ((CH3)2CH) ; 23.5 (CH3CH3») ; 31.2 (CH3);CH) ; 53.1 (OCH3) ; 78.2 (d, 2Jcg =
20.6 Hz, 1C, CHCF) ; 106.0 (d, !JcF = 238.8 Hz, 1C, CHCF) ; 168.4 (d, 2JcE = 31.4 Hz, CO). 19F NMR
(CDCl3) : § =-152.8 (d, 3JyF = 21.2 Hz, 1F, CHCF).
anti isomer : '"H NMR (CDCl3) : § = 0.91 (dd, 3Jyy = 6.7 Hz, 4Jgp= 2.1 Hz, 3H, (CH3),CH)) ; 0.99 (d,
3Jun = 7.0 Hz, 3H, (CH3),CH)) ; 1.20 (t, 3Jyy = 7.6 Hz, 3H, CH3CH»S) ; 2.13 (dsept, 3Jy3H4 = 2.5 Hz,
3Jyy = 10.1 Hz, 1H, (CH3),CH)) ; 2.18 (d, 3Jusuy = 10.1 Hz, 1H, CHOH) : 2.58 (m, 2H, CH3CH>S) ;
3.80 (s, 3H, OCH3) ; 3.92 (ddd, 3Ju3F = 20.3 Hz, 3Jy3n4 = 2.5 Hz, 3Jgapsy = 10.1 Hz, 1H, CHCF). 13C
NMR (CDCl3) : 8 = 14.6 (CH3CH3) ; 15.5 and 21.2 ((CH3);CH), 24.0 (CH3CH3) : 29.5 (CH3),CH) ; 53.2
(OCH3) : 77.8 (d. 2JcF = 21.5 Hz, 1C, CHCF) ; 105.9 (d, lJcg = 235.2 Hz, 1C, CHCF) ; 168.5 (d, 2JcF =
32.2 Hz, CO). 19F NMR (CDCl3) : § = -152.8 (d, 3/yp = 21.2 Hz, IF, CHCF).Anal.Calc. for CoH|703SF
(224.30) : C, 48.19 ; H, 7.64 Found C, 47.96 ; H, 7.84 .

Methyl 2-ethylsulfanyl-2-fluore-3-cyclopentanyl-3-hydroxy-propanoate 8a

At -78°C, from 3a (200 mg, 1.31 mmol) and cyclopentanone (0.12 mL, 1.34 mmol), after purification
8a was obtained (160 mg, 52%) as unstable product, and must be store at -20°C.

'H NMR (CDCl3) : § = 1.19 (t. 3Jgy = 7.6 Hz, 3H, CH3CH,S) ; 1.4-2.1 (m, 8H, 4xCHy)) ; 2.4-2.8 (m, 2H,
CH3CH?S) ; 2.75 (m, OH), 3.80 (s, 3H, OCH3). 13C NMR (CDCl3) : § = 14.6 (CH3CH3) ; 23.5 and
24.1(CH») ; 24.6 (CH3CH2) ; 35.8 and 37.2 (CH3) ; 53.1 (OCH3) : 85.5 (d, 2JcF = 22.4 Hz, 1C, CCF) ;
106.2 (d, 'JcF = 235.2 Hz, 1C. CCF) ; 169.3 (d, 2JcF = 32.3 Hz, CO). !9F NMR (CDCl3) : 6 = -144.7 (s,
IF, CHCF). MS : m/z (%) = 236 ((M]*, 3) ; 177 (2) ; 152 (93) ; 151 (66) ; 120 (99) ; 85 (33) ; 59 (41).

Methyl 2-benzylsulfanyl-2-fluoro-3-hydroxy-3-phenyl-propanoate 4c

At -78°C, from methyl 2-fluoro-2-phenylsulfanylacetate 3¢ (200 mg, 0.93 mmole) and benzaldehyde
(96.5 puL, 0.95 mmole), a diastereomeric mixture of 4¢ was obtained in a 56/44 synlanti ratio (19F and 1H
NMR }. By column chromatography were obtained 53mg (18%) of pure syn isomer, 65mg (22%) of a
diastereoisomeric mixture and 36mg (12%) of pure anti isomer. The syn isomer was recristallised in pentane to
afford a single cristal suitable for the X-ray analysis (mp : 95°C).

At -50°C, from 3c (214 mg, 1 mmole) and benzaldehyde (150 pL, 1.02 mmole), a diastereomeric
mixture of 4¢ was obtained in a 68/32 syn/anti ratio (19F and 'H NMR), yielded by column chromatography to
165 mg (52%) of diastereomers.

At 0°C, from 3¢ (187 mg, 0.9 mmole) and benzaldehyde (93.4 UL, 0.92 mmole), a diastereomeric
mixture of 4¢ was obtained in a 20/80 syn/anti ratio (19F NMR). After purification 140 mg (49%) of
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diastereomers were obtained.

syn isomer : 'H NMR (CDCl3) : 8 = 2.90 (d, 3Jyy = 4.64 Hz, 1H, CHOH ) ; 3.53 (s, 3H, OCH3) ; 3.98 et
3.93 (syst. ABX, 2JgauB = 13 Hz, 4JuaF = “JuBF = 1.4 Hz, 2H, CH,Ph) ; 5.16 (dd, 3J4E = 17.6 Hz, 1H,
CHOHCF) ; 7.31 (m, 10H). 13C NMR (CDCl3) : 8 = 33.7 (CH,Ph) ; 52.9 (OCH3) ; 76.3 (d, 2Jcp = 22.3 Hz,
CHOHCF) ; 103.8 (d, !Jcg = 238 Hz, CFCH) ; 127.6-129.3,136.1, 136.6 (aromaticC), 167.8 (CO). 19F
NMR (CDCl3) : 8 = -153.2 (d, 3JgF = 17.6 Hz, IF, CHCF).anti isomer : '"H NMR (CDCl3) : 8 = 2.87 (m,
1H, CHOH ) ; 3.68 (s, 3H, OCH3) ; 3.76-3.81 ( ABXsyst., 2JganuB = 12.5 Hz, 4JgaF = 4JuBF = 1.82 Hz,
2H. CHPh) ; 5.18 (d, 3JyF = 18.5 Hz, 1H, CHOHCF) ; 7.37 (m, 10H). 13C NMR (CDCl3) : § = 33.8
(CH,Ph) ; 53.3 (OCH3) ; 76.7 (d, ZJcE = 20.35 Hz, CHOHCF) ; 103.9 (d, !Jcg = 237.1 Hz, CFCH) ; 127.6-
129.3, 135.7,136.7 (aromaticC) ; 167.9 (d, 2Jcf = 31.9 Hz, CO). 19F NMR (CDCl3) : 8 = -156 (d, 3Jyr =
17.6 Hz, 1F, CHCF). Anal.Cal. for C17H703SF (320.38) : C, 63.73 ; H, 5.35 Found C, 63.65; H, 542 .
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