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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 retro-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.4-9 In this goal, fluoro-sulfur chemistry seems
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to be attractive In order to generate a fluorcalkene motif in various substrats. Alkylsulfany! acetates 1 were
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generaly used to study the suifur elimination reactions to introduce a doubie bond, or to generate an

episulfonium ion to introduce a nucleophile.18’19 The most widespread methods for the synthesis of
alkylsulfanyl-fluoroesters need to handle expensive bromofluoroesters as starting materials.20:21 Fuchi gami22
and LaurentZ3 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 In this connexion, we have explored a cheapest and general

7
paper we reported our full results concerning their synthesis and the reactivity of their ester enolates towards

carbonyl electrophiles.
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Resulits and Discussion

Recently, we reported a general preparation of a-chloro-¢t-fiuoro-aikyisuifanyl acetates by a nucieophilic
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-
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chlorosuccinimide (NCS) or N-bromosuccinimide (NBS), to lead to chloro- or bromoalkylsulfany! esters 2 in
A vield 1
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 ).
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Table I : Preparation of monofluoroesters 3

Entry X R Reagent (eq.) Additive Time prod. : yieldd
| Cl CoHs- NEt3-3HF (4 ¢g.) none 2h 3a:75
2 Br CoHs- NEt3-3HF (4 eq.) none 1.5h 3a:69
3 Cl (CH3)2CH- NEt3-3HF (4 eq.) none 2h 3b:76
4 Cl CgHsCH>-  NEt3-3HF (4 ¢g.) none 7h 3c: 62
5 Cl CgHs- NEt3-3HF (6 eq.) none 70h 3d (65)b
6 Cl CeHs- NEt3-3HF (6 eq.) ZnBr; 18h 3d: 66
a. isolaied yield ; b. conversion determinated by 'H NMR

The reaction required not iess 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-alkylsulfanyl 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



from ethyl-, to benzyi- and phenylisuifanyl substituents (Entry 1, 4, 5). The inductive effect of these substituents
seems Lo 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 catalvse this atoms exchange reaction by

obtained in 68% isolated yield after 18h (Entry 6).

This new e Tdnlagiac 20-24

his new procedure appeared to be more efficient than other methodologies, and allowed a simple
and cheapest route to a large variety of a-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
+30.10-14
documenied.”>>*v *~ Diastereoselective additions have been reportecl usmg titanium Cl’lOlRlC which favored

the formation of the syn diastereoisomer. 12 Some examples described the reactivity of sulfoxxdes,zo but only
a short communication from B. Ducep et al. described the condensation of corresponding sulfides, such as ethyl
fluoro-phenylsulfanyl alcetalc:,21 and aldehydes. Aldol products were used as precursors of fluoroalkenes by
sulfur elimination,31:32 or a,o-difluoroesters via the formation of episulfonium. 21 These, prompt us to
report our full results concerning the reactivity and the selectivity of the addition reaction of the a-fluoro-

alkylsulfanyl-acetates towards carbonyl electrophiles.
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Table Il : Synthesis of o-alkylsulfanyl-a-fluoro-B-hydroxyesters
Electrophile Product? Yield (%) b ¢
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The reaction afforded adducts in moderate yields with aldehydes, and cyclopentanone. The crude products
was always contaminated by an important quantity of clectrophile, but without traces of starting sulfanyl ester.
The total deprotonation of the sulfanyl ester has been checked by quenching the anion with DO. The anion was
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formed by addition of neat sulfide on a LDA solution in THF, and after 1 hour of stirring in presence of D70,
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NMR, and presented only a triplet (<Jpp = 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. 21 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 alkylsulfany! moiety. Attempts to
~Anancrho tha acter annlatag hy additinn af ~rhlaratrimathulcilana land tA4 2 ninctahla miviire af flnarimatad nradnete
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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¢c (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).
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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
3c -50°C dc¢ 68 :32 51
0°C 20:80 49

a. Temperature of hydrolysis. b. Crude ratio determinated by !9F and 'H NMR

Attempted to control the selectivity by addition of strong Lewis acid (TiCly) resulted in the decomposition

Isolation and recristallisation of the syn 4c isomer 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¢c



This seiectivity was depending on the aicohoiates stability in the medium. Pure aicoholates 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
presenee 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 zin
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Scheme 5

carbonyl compounds including cyclic ketone, to afford a separable diastereoisomeric mixture of o-alkylsulfanyl-
o-fluoro-P-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 [3-
hydroxy-a-alkylsulfanyl esters to other aromatic aldehydes, and reactivity of fluoro-alkylsulfanyl ester enolates

towards other electrophiles are under investigations.
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Experimentals

IH NMR were recorded at 250 MHz and 13C NMR at 62 MHz on a Brucker AC-250 MHz '9F NMR
were recorded at 75.3 MHz on a Brucker WP-80 MHz spectrometers, using TMS or CFClj3 as reference. Mass
spectra were performed on a Nermag Riber R10. All solvents were purified by standard methods. Sulfides were
25
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uoroacetate 3a
To a sohution of mPth 12-¢c 1030 2- fhvlu]]fnqvhnp ate (2.4 g, 14 mmol) in MeCN (20ml.) was added dm.l)unce
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Et3N.3HF (9.4 mL, 58 mmol). This soluuon was reflu ed under nitrogen during 2 hours. After cooling to
room temperature, the mixture was diluted with CH>Cl» and washed with saturated agueous solution of sodium
bicarbonate. The organic layers were washed thce w1 th brine, dried and concentrated. The residue was distilled
under reduced pressure (bp 25°C/0.03 Torr) to 0 1.6 g(75%) of 3a.

'H NMR (CDCl3) : & = 1.33 (1, 3/yy = 76

_________ 1%} <J

1. Hz, :
OCH3) ;595 (d, lJgeg = 52.0Hz, 1H CHFCO) 12

53.0 (OCH3) ; 92.2 (d, lJcF = 228.8 Hz, CHFCO) ; 166.8 (d, 2Jcg = 30.3 Hz, CO).
-162.7 (d, 2Jgg = 52.0 Hz, IF, CHF). Anal.Calcd. for CsHgO2SF (152.18) : C, 39.46 ;

38.79 ; H 5.84.
Followmg the above procedure from methyl 2-bromo-2- ethylsulfanylacetate (1. 06g, 4.98 mmol) and Et3N.3HF

NN AN . L nn-r\ PV i, I T

\J 2 IIlL 1.8 minoi) 52Zu mg (0¥7) 01 Sa was obtained after 1.5h of reflux under l'lllI'()gCl'l

t
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Methyl 2-isopropylsulfanyl-2-fluoroacetate 3b
Following the above procedure from methyl 2- chloro 2- 1sopr0pylsulfanylacetate (0 8 g, 4. 42 mmol) and
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distilled under reduced pressure (bp 30°C/0.04 Torr) to lead to. 0.561g (76%) of 3b.

IH NMR (CDCl3) : & = 1.26 (d, 3Jyu = 6.8 Hz, 3H, (CH3),CHS) ; 1.32 (d, 3Jgu = 6.7 Hz, 3H,
(CH3),CHS) ; 3.19 (dsept, 3Jun = 6.7 Hz, 4Jup = 1.8, Hz, 1H, (CH3)2CHS) ; 3.77 (s, 3H, OCH3) ; 5.95 (d,
2JHF = 54.0 Hz, 1H, CHFCO). 13C NMR (CDCI3) : § = 23.6 ((CH3)2CH) ; 24.1 ((CH3)2CH) ; 36.4
((CH3)2CH) ; 52.9 (OCH3) ; 92.3 (d, 1Jcg = 228.1 Hz, CHFCO) ; 166.8 ((d, 2JcF = 29.1 Hz, CO). 19F
NMR (CDCl3) : § = -160.0 (d, 2Jygr = 53.7 Hz, 1F, CHF). Anal.Calcd. for C¢H 1O2SF (166.22) : C, 43.36 ;
H, 6.67. Found C, 42.97 ; H, 6.62.

Methyl 2- honzyls_l! anyl-2-fluoroacetate 3¢

To a solution of meth yl 2- benzyls Ifan yl -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
d pr

distilled under reduced pressure (bp 110°C/0.02 Torr) to lead to 540 mg (62%) of 3c.
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(CDCl3) : & = -165.3 (d, 1Jgp = 52.3 Hz). Anal.Calc. for CjoH;;02SF (214.26) : C, 56.06 ; H, 5.17, .

Methyl 2-phenylsulfanyl-2-fluoroacetate 3d

Th o grignancinn AF Frachly Ariad 21 hramida M A2 & ) R mmnl) wrac adAdad o caliitinm AF = -.,:. therl Y _~hlAavs D
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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.

I'H NMR (CDClIs) : =370 (s, 3H, CH30) ; 6.1 (d, ‘JHF =52.4 Hz, 1H CHF) ; 737 (m,3H);7.53 (m,
2H). 13C NMR (CDCly) : 5=529 (CH30) ; 94.5 (d, lJC]-T = 233 Hz, CHF) ; 129.2, 129.4, 129.7, 134.2
(aromatic C ) 3 165.7 (d, 2JCp 29 Hz, CO). 15F NMR (CDCl3) : 8 = -158.8 (d, 2Jpzk = 524 Hz). Anal. Cale
for CoHoO,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
CH;Cl2 at room temiperature, and the combined organic layers was dried (MgSC4), 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
i ture was slowly warmed to -50°C or 0°C during 2.5h before hydrolysis. After usual work-up, adducts were
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At -78°C, from methyl 2-fluoro-2-ethylsulfanylacetatc 3a (173 mg, 1.14 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 'H NMR). After
chromatography, 59 mg of syn isomer 4a (20%), 75 mg of a diastereomeric mixture (26%) and 30 mg of anti
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-50°C, from 3a (200 mg, 1.31 mmol) and henﬂld,gh de (0.14 ml., 1.34 mmol), a diastereomeric

mixture of 4a was obtained in a 72/28 syn/anti ratio ( 19F and TH NMR). Aftcr chromatography, 165mg of
diastereomeric mixture 4a (49%) was obtained.

At 0°C, from 3a (200 mg, 1.31 mmol) and benzaldehyde (0.

N

N1V

et gren o A Tt d Gen fanei s 2101 and 'HN
mixture of 4a was obtained in a 14/86 syn/anti ratio (*F and 'H ]

diastereomeric mixture 4a (52%) was obtained.

syn isomer : 1H NMR (CDCI3) : 8 = 1.19 (1, 3Juy = 7.3 Hz, 3H, CH3CH;S) ; 2.62 (m, 2H, CH3CH>S) ;
294 (m, 1H, CHOH ) ; 3.64 (s, 3H, OCH3) ; 5.07 (d, 3Jgg = 17.7 Hz, 1H, CHCF) ; 7.3 (m, 5H, Ph). 13C
NMR (CDCl3) : & = 14.6 (CH3CH3) ; 23.9 (CH3CH3) ; 52.9 (OCH3) ; 76.5 (d, 2JcE = 20.6 Hz, 1C, CHCF) ;
103.6 (d, VJcp = 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, 3Jyr = 17.6 Hz, 1F, CHCF).

anti isomer : 'TH NMR (CDCl3) : 8 = 1.13 (t, 3Jgy = 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, 3JuF = 18.6 Hz, 1H, CHCF) ; 7.3 (m, 5H, Ph). 13C NMR
(CDCl3) : 6 = 14.4 (CH3CH3y) ; 24.1 (CH3CH3) ; 53.3 (OCH3) ; 76.9 (d, 2JcE = 20.6 Hz, 1C, CHCF) ; 104.8
(d, WcE = 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, 3/gF = 18.3 Hz, IF, CHCF). MS : m/z (%) = 258 ([M]*, 1.3) ; 177 (11) ; 152
(100) ; 60 (66) ; 51 (11). Anal.Calc. for C;2H1503SF (258.31) : C, 55.80 ; H, 5.85. Found C, 55.32 ; H,

S A1
J.U1l.

14 mL, 1.34 mmol), a diastereomeric
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Methyl 2-ethylsulfanyl-2-fluoro-3-hydroxy-hexanoate 5a

At -78°C, from methyl 2-fluoro-2-ethyisulfanylacetate 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 (1 F and TH NMR in the
crude product). By column chmmamm‘anhv 155 mg (52%) of diastercomers was obtained .

syn isomer : Y"H NMR (CDCl3) : 8 = 0.87 (t, 3Jyu = 7.3 Hz, 3H, CH3CH; CH (“ OH ; 1.20 (1, 3Jgu = 7.6
Hz, 3H, CH3CH3S) ; 1.2-1.7 (m, 4H, CH3CH2CH2CHOH) 2.46 (m, 1H, ) ; 2.4 to 2.8 (m, 2H,
CH;CH;S) ; 3.79 (s, 3H, OCH3) ; 3.97 (ddd, 3Jy3p = 16.4 Hz, 3Jg3pa = 10.0 Hz, 3Ju3Ha = 2.2 Hz, 1H,
CHCF). 13C NMR (CDCl3) : & = 13.7 (CH3CH2CH>CHOH) ; 14.6 (CH3CH>) ; 19.1 (CH3CH2CH2CHOH) ;
23.4 (CH3CH2») ; 33.7 (CH3CH2CHCHOH) ; 53.0 (OCH3) ; 74.5 (d, 2JcF = 22.4 Hz, 1C, CHCF) ; 105.4
(d, Jcp = 235.2 Hz, 1C, CHCF) ; 168.2 (d, 2JcEg = 32.3 Hz, CO). 19F NMR (CDCl3) : 8 = -149.8 (d, 3Jyp =
16.2 Hz, IF, CHCF).

anti isomer :*H NMR (CDCI3) : § = 0.89 (t, 3Jgun = 7.3 Hz, 3H, CH3CH,CH,CHOH) ; 1.20 (t, 3Jun = 7.6
Hz, 3H, CH3;CH,-S) ; 1.2-1 8 (m, 4H CH43CH-,CH-CHOH) ; 2.10 (m, IH, CHOH) : 2410 2.8 (m, 2H
Ahdsy ORAy A2 INXAYT ), 1.LTLLO xx TLLy AR AXNCLL YA RNTRL )y L ANV \Ully LXRy NAANSIL ) 4 LT WU L0 (11, Ll
CH3CH>S) ; 3.80 (s, 3H, OCH3) ; 3.97 (ddd, 3Ju3r = 17.7 Hz, 3Ju3ns = 10.0 Hz, 3Jgans = 2.0 Hz, 1H

CHCF). 13C NMR (CDCl3) : 8 = 13.7 (CH3CH2CH,CHOH) ; 14.6 (CH3CHy) ; 18.9 (CH3CH,CH>CHOH) ;
23.9 (CH3CH)») ; 33.3 (CH3CH,CH,CHOH) ; 53.0 (OCH3) ; 74.4 (d, 2Jcp = 23.3 Hz, 1C, CHCF) ; 105.4
(d, lJcp = 234.3 Hz, 1C, CHCF) ; 168.3 (d, 2Jcp = 33.2 Hz, CO). 19F NMR (CDCl3) : & = -154.9 (d, 3/gF =

18 Hz, 1F, CHCF). MS : m/z (%) = 224 ((M]*-,0.7) ; 164 (3.3) ; 152 (81); 151 (5§7) ; 120 (100) ; 73 (10) ; 59
(34). Anal.Calc. for CoH{703SF (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 (17l* and 1TH NMR). After purification 154
mg (53%) of diastereomers were obtained.

sy isomer -1H NMR (CDCI2) - § = 1.20 (¢ 31,." =72AHry 3H CHCHAQ - 1 66 (dd 4Tz =12 H

AYIL LdUINCr . 11 INIVIIN (s / v LRV AN 2 HH = 7+ 114y Gy AdI 3N a1 /d) 5 1.UU (U, JHA4H0 1.k LAl
3 e = 6.5 Hz. 3H CH=CH) ; 2.4 (m, 1H, CHOH) ; 2.61 (m, 2H, CH3CH>S) ; 3.77 (s, 3H, OCH3) ;
JH5H6 = 0.0 Kz, 3 CH 1, CHOH) ; 2.61 (m, 2} 13/ (s, , 0CHa3)

= 1 S) ]
3Jmm =7.6 Hz 1H, CHCF) ; 5.53 (ddq, 4JH4HV = 1.2 Hz, 3Jg3u4 = 7.6 Hz,

3Jpans = 15.6 Hz, 1H, CH3CH CH) ; 5.78 (dq, 3JusH6 = 6.4 Hz, 3Jp4ns = 15.6 Hz, 1H, CH3CH=CH).
13C NMR (CDCl3) : § = 14.6 (CH3CHa) ; 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, 1JcF = 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). 19F NMR (CDCl3) : § = -149.5 (d,
3JgF = 16.5 Hz, IF, CHCF).

anti isomer :1H NMR (CDCl3) : 8 = 1.18 (t, 3Jgy = 7.6 Hz, 3H, CH3CH;S) ; 1.70 (dd, 4/Hane = 1.5 Hz,
3JHsH6 = 6.4 Hz, 3H, CH3CH=CH) ; 2.6 (m, 1H, CHOH) ; 2.4-2.8 (m, 2H, CH3CH;S) ; 3. 80 (s, 3H,

NNET N L A Az r33 2y 1IR3 13, 3 YT O IFeTS L & &R - ry

OLCr13) ; 4.4 ((1(1, >Jusf = 18.2 Hz, °Jysug = 4.3 Hz, 1H, CHCF) ; 5.52 (dd, "JH3H4 = /.0 Kz, "JH4H5 =
12U, 10 MU OCU_IN - S QY f A 3T — AT 31 .. — 18§ £ WU 1L NIy 130 MDD
1J.0 0z, 10, L3 n=Csa) , J.02 \44, ~vH5H6 = V.4 NZ, “"vH4HS = 13.U 11Z, 111, Lijvar=ern) o OINIVIR
(O 8 — 1AL CHA - 170 (AU OO - D2 & (CI. T 8§21 OV 78 QA 28 — N1 8§
(“oei3) O 19.0 (LIjenil) , L/ .7 (Lrnjuen=ur) , £L32.9 (Lnjinlj, di.10 \veny), /J.0\Q, “vCF = <£1.0
Hz, 1C, CHCF) ; 104.8 (d, 1JcE = 236.1 Hz, 1C, CHCF) ; 125.8 (d, 3Jcg = 1.8 Hz, CH3CH=CH) ; 132.8
(CHACH=CH) : 168 1 (d 2J~= =323 Hz. CO) 19F NMR (CDCI:Y ' 8§ = -1550 (d 3Jux= 182 Hz 1F
AW 2A3% 22 ax) 5, 201 My, LD Shaod R Rduy NoXS). A LNAVAEN \M\ASRi3y ) .U LS. (9 TV A4 kL, ax,
CHCF). MS : m/z (%) = 222 ([M]*+, 0.9) ; 162 (3.7) ; 152 (100) ; 151 (77) ; 120 (83) ; 71 (52) ; 59 (30)
Anal.Cale. for CoHsO3SF (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 58 mg (54%) of a
diastereomeric mixture .
syn isomer : 1TH NMR (CDCl3) : & = 0.92 (d, 3Jgy = 6.7 Hz, 3H, (CH3),CH) ; 0.94 (dd, /g = 1.5 Hz, 3Juyn

= 6.7 Hz, 3H, (CH3)2CH) 1.20 (t, 7‘./}{ 7.6 Hz, 3H, CH3CH;S) ; 1.82 (sept, 3Jgy = 4.6 Hz, 1H,

‘
|

(“} ﬁ

(CH3);CH) ; 2.18 (d, 3Jyan3 = 8.2 Hz, 1H, CHOH) ; 2.58 (m, 2H, CH3CH>S) ; 3.79 (s, 3H, OCH3) ; 3.92
(ddd, 3Jg3n3 = 8.2 Hz, 3J/y43H4 = 4.6 Hz, 3J'H3p = 21.2 Hz, iH, CHCF). '13C NMR (CDCI3): 6 = 14.6
(CH3CHy) ; 17.2 and 20.6 ((CH3)2CH) ; 23.5 (CH3CH3) ; 31.2 (CH3)2CH) ; 53.1 (OCH3) ; 78.2 (d, 2JcF =
20.6 Hz, 1C, CHCF) ; 106.0 (d, lJcg = 238.8 Hz, 1C, CHCF) ; 168.4 (d, 2JcF = 31.4 Hz, CO). I19F NMR
(CDCl3): § = -152.8 (d, 3/ = 21.2 Hz, IF, CHCF)

anti isomer : 'H NMR (CDCl3) : 8 = 0.91 (dd, 3Jyu = 6.7 Hz, “Jur= 2.1 Hz, 3H, (CH3)»CH)) ; 0.99 (d,
3Jun = 7.0 Hz, 3H, (CH3)2CH)) : 1.20 (t, 3Juy = 7.6 Hz, 3H, CH3CH3S) ; 2.13 (dsept, 3/u3y4 = 2.5 Hz
vHH S0 ARL, Jxk, \NA25 010, 1.2V Y TvHH 3 AR, IR N A 12 A\BSUPY, TVH3HE T 4.0 114,
3Juy = 10.1 (CH3)2CH)) 2.18 (d, 3Jg3nsz = 10.1 HZ IH, CHOH) ; 2.58 (m 2H, CH3CH;S) ;

3.80 (s, 3H, OCH3) 3.92 (ddd, 3Ju3g = 20.3 Hz, 3Jy3n4 = 2.5 Hz, 3Jy3uy = 10.1 Hz, 1H, CHCF). 13C
NMR (CDCl3) : § = 14.6 (CH3CH3) ; 15.5 and 21.2 ((CH3)2CH), 24.0 (CH3CH>) ; 29.5 (CH3)2CH) ; 53.2
(OCH3) ; 77.8 (d, 2JcF = 21.5 Hz, 1C, CHCF) ; 105.9 (d, !Jcp = 235.2 Hz, 1C, CHCF) ; 168.5 (d, 2JcE =

32.2 Hz, CO). 19F NMR (CDCl3) : § = -152.8 (d, 3Jyg = 21.2 Hz, 1F, CHCF).Anal.Calc. for CoH1703SF
(224.30) : C, 48.19 ; H, 7.64 Found C, 47.96 ; H, 7.84 .

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

bt

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.

1H NMR /OD(1,) X —_ 10/t 37 =76 H> A CHOHAQY - 1492 1 (v QW AvOI-N - Y A9 R {rm OH
1 UNIVEIN (ka3 ) . 1.19 \L VHH = 7.0 114, SI1, A1 XidS ), 247401 (U, OI%, A1 )) , &4.7°4.0 (Hll, 401,
CU_CI.QY . 278 (o0n NI 20N (e 2T NOCLLY 130 NMR (ODCLY 8 — 14 & (CH.CIT. N - 7228 ond
Cn3li130) , 4.9 \ifl, Uiz j, 5.0V (8, o5, UL 3). *“U NMR (LL13j [ 0= 140 (Ln3ingj , £3.0 dina
24 1(CH~) : 24.6 (CH-CH») : 5.8 and 37.2 (CH5) : 53.1 (OCH:) - 855 (4. 2Jew = 22.4 Hz. 1C. CCF) -

PAUNLR) ), LT ANNHRR U RRY )y JIWO Al Uy e (VI JoL \(Wweaid) L, Ol 4, TU LK e T B RLy ANy XL
106.2 (d, 'Jcfp = 235.2 Hz, IC, CCF) ; 169.3 (d, 2JcF = 32.3 Hz, CO). I°F NMR (CDCl3) : 8 = -144.7 (s,
IF, CHCF). MS : m/z (%) = 236 (IM]*, 3) ; 177 (2) : 152 (93) ; 151 (66) ; 120 (99) ; 85 (33) ; 59 (41).

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

Farmann 2am mtlac.l 7Y Lo AamT P P R POV [ R

Al IO \ o1 UlClllyl L uuuxu 4 PIIC[lylbulldll)’ldL«UldlC JL \/-«UU lllg, U 73 ilullUlC} dlid e llLd UCH)’UL
(96.5 pL, 0.95 mmole), a diastereomeric mixture of 4c was obtained in a 56/44 syn/anti ratio (19F and 'H
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 singie cristal suitabie for the X-ray analysis (mp : 95°C).
At -50°C, from 3¢ (’)14 mg, | mmole) and benzaldehyde (150 ll] 1.02 mmole), a diastereomeric

2111 o Aiigmy daaxaaVAN ) Gule UsaiLanuUval v AV NAL HIIRNIRRC a alasiercomeric

mixture of 4¢ was obtained in a 68/32 syn/anti ratio ( I9F and TH NMR), ylelded by column chromdtography to
165 mg (52%) of diastereomers.

At 0°C, from 3¢ (187 mg, 0.9 mmole) and bcnmldc.hyde (93.4 uL 0.92 mmole), a diastereomeric
R). A

SR ANION QF NTR AN A Lo 00l -

mixiure of 4¢ was OD[dlﬂCU in a FAV/ X1V syn/amt rd[lU \ < INIVIIN I pu1111L4t1011 1‘+U g \47 /O) of



diastereomers were obtained.

syn isomer : 'H NMR (CDCl3) : § =2.90 (d, 3/Jyyg = 4.64 Hz, 1H, CHOH) 3.53 (s, 3H, OCH3) ; 3.98 et
3.93 (syst. ABX, 2JyanB = 13 Hz, 4JyAF = 4JyBr = 1.4 Hz, 2H, CH»Ph) ; 5.16 (dd, 3Jgf = 17.6 Hz, 1H,
CHOHCEF) ; 7.31 (m, 10H). 13C NMR (CDCl3) : = 33.7 (CH,Ph) ; 52.9 (OCH3) ; 76.3 (d, 2Jcf = 22.3 Hz,
CHOHCF) ; 103.8 (d, lJcg = 238 Hz, CFCH) ; 127.6-129.3,136.1, 136.6 (aromaticC), 167.8 (CO). I9F
NMR (CDCl3) : 8 = -153.2 (d, 3Jyg = 17.6 Hz, IF, CHCF).anti isomer : 'H NMR (CDCl3) : § = 2.87 (m,

IH, CHOH ) ; 3.68 (s, 3H, OCH3) ; 3.76-3.81 ( ABXsyst., 2Jganup = 12.5 Hz, 4JyaF = 4JunF = 1.82 Hz,
2H, CH7Ph) ; 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, 2JcF = 20. 35 Hz, CHOHCF) ; 103.9 (d, 'Jcr = 237.1 Hz, CFCH) ; 127.6-

,136.7 (aromaticC) ; 167.9 1.9 (C ) i
IF, CHCF), Anal.Cal. for C: 17

ANcA g LRAGE QR AVUL N
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