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Abstract : Treatment of readily available o-fluoro-$—hydroxy-a—phenylthioesters 4 with DAST
afforded o,a—difluoro-B-phenylthicesters 6 which are of interest to synthesize gem-difluorinated
derivatives. Copyright © 1996 Elsevier Science Ltd

Gem-difluorinated derivatives have been widely used as enzyme inhibitors or to modify properties of
biologically active products’. In this publication, we wish to report a synthetic method giving access to o.,0-
difluoroesters 1, o, ot-difluoro-B-ketoesters 2 or o, a—difluoro-B,y-unsaturated esters 3.
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These findings originated from an unexpected reaction of ethyl 2-fluoro-3-hydroxy-2-phenylthio
hexanoate (4a) with diethylaminosulfur trifluoride (DAST). 4a treated with 1.5 equivalent of DAST in
methylene chloride at -78°C during 30 minutes did not give the expected 2,3-difluoro derivative Saz, but
yielded ethyl 2,2-difluoro-3-phenylthiohexanoate (6a)12 as the sole product (84 %) (scheme 1).
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a) DAST (1.5 eq.), CH,Cl,, -78°C, 30min.

Scheme 1
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This surprising result can be explained by the participation of the phenylthio group during 4a reaction
with DAST, leading to the episulfonium 8a’. The fluoride ion added preferentially to the carbon a to the
ester, yielding 6a" (scheme 2).
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a) DAST (1.5 eq.), CH,Cl,, -78°C, 30min.

Scheme 2
This rearrangement was found to be general for o-fluoro-B-hydroxy-a-phenylthio esters 4 with the
exception of ethyl 2-fluoro-3-hydroxy-2-phenylthiohydrocinnamate (4¢) which gave exclusively the non-
rearranged product 5c'% The synthetic sequence for the preparation of 6 is simple and gives good yields from

commercially available compounds : ethyl bromofluoroacetate (9) and aldehydes 10 (scheme 3-Table 1).
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a) C,H;ONa, C,HsOH, C4H;SH; b) LDA (leq.), THF, -78°C; then RCHO, THF;
¢) DAST (1.5eq.), CH,Cl,.

Scheme 3

Table 1
Entry Aldehyde 10 Alcohol 4° | 6 (conditions and yield %)

(yield %)
a n-CsH,;CHO 86 ~78°C, 30 min, (84)
b CH;CHO 52 -78°C, 30 min, (94)
c C¢H;CHO 71 -78°C, 30 min, (0)*
b
d C(H,CH,CHO 18 ~78°C, 60 min, (50)
e c-C¢H,,CHO 46 -78°C, 30 min, (81)
f >< 92 0°C, 180 min, (80)
0" ©o
{ @
CHO

a) Only ethyl 2,3-difluoro-3-phenyl-2-phenylthiopropanoate (5¢)'? was isolated (86%). b) The low yield is due to enolization of the

aldehyde 10d which competed with addition on carbonyl. ¢} Mixture of diastereomers.
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6a desulfurization was carried out using tri-n-butyltinhydride in refluxing toluene with a catalytic
amount of AIBN" to yield 1a" (Scheme 4). Such derivatives are usually obtained by DAST fluorination of
a-ketoester or copperdifluoroacetate alkylation6.
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Scheme 4
Oxidation of sulfide 6a with meta-chloroperbenzoic acid’ gave the sulfoxide 12a. Pummerer

rearrangement on 12a using trifluoroacetic anhydride with collidine® gave the hemithiotrifluoroacetal 13a
along with vinylthioether 14a. Treatment of the mixture without isolation by mercuric chloride afforded, after
purification, ketoester 2812 (25%) and sulfide 14a (11%) (Scheme 5). Compounds of type 2 are obtained by
Reformatsky reaction of ethyl bromodifluoroacetate with a suitable aldehyde, followed by oxidation9 of the
obtained alcohol. Thus, the above method in some cases could be a useful alternative to the Reformatsky-
oxidation sequence.

™ SCeHs FsCCOO_  SCgHs
12a 87%
SCeHs 0
COOC,H5 COOC,;H
+ /\/‘ﬂ,& —C /\/\)S( 2hs + 142 11%
FF F*°F
14a 2a25%

a) m-CPBA (leq.), CH,Cl,; b) (CF3;C0),0 (2eq.), 2,4,6-collidine (2eq.), 0°C, 12h;
¢) HgCl, (1.4eq.), CH;CN, 0°C, 3h.
Scheme 5
Sulfoxides of type 12 can give access to o,0-difluoro-o,B-unsaturated esters 3. Thus, pyrolysis of 12b
in a short path distillation apparatus yielded, after elimination of sulfenic acid'°, 3b'> (77%) (Scheme 6). This
method is an alternative to the available method using the reaction between ethyl copperdifluoroacetate and a
vinylic iodide6 which requires the use of ethyl difluoroiodoacetate, not readily available'".
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a) m-CPBA (leq.), CHCl,; b) A 120°C, neat, Kugelrohr distillation.

Scheme 6
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12. All new compounds gave analytical and spectroscopic data in agreement with the assigned structure;
1a'’F NMR & (282 MHz, CDCl;, C¢Fg) 55.78 (2F, t, Jyp=15Hz); '"HNMR § (300 MHz, CDCl;, TMS) 0.89
(3H, t, Jyy=THz, O-C-CH3), 1.30-1.55 (8H, m, H, 56 7), 2.00-2.10 (2H, m, Hj), 4.32 ( 2H, q, Jy=7Hz, O-
CH,-C); MNH4+=226. 2a "FNMR § (282 MHz, CDClg C¢Fg) 47.88 (2F, s); 'HNMR 5 (300 MHz, CDCl;,
TMS) 0.88 (3H, t, Jyy=7Hz, Hy), 1.25-1.70 (9H, m, H; ¢ ;,0-C-CH,), 2.71 (2H, t, Jyy=7Hz, H,), 4.34 (2H, q,
Jyu=THz, O-CH,-C); MNH,* =240; IR v(C=0)=1750, 1781 cm™". 3b ’F NMR & (282 MHz, CDCls, C<F¢)
55.94 (2F, d, Jy;z=10Hz); 'HNMR & (300 MHz, CDCl; TMS) 1.35 (3H, t, Jy=7Hz), 433 (2H, q, Jyy=7Hz,
0O-CH,-C), 5.55-6.20 (3H, m, H; 4); MNH4+=168. 5¢ '’F NMR & (282 MHz, CDCl;, C¢Fg)-11.7 (1F, dd,
Jee=19Hz, J;p=43Hz, F;), 8.85 (1F, t, Jyp=Jgp=19Hz, F,); 'HNMR § (300 MHz, CDCl;, TMS) 1.02 (3H, t,
Jun=7Hz, O-C-CH,), 4.00 (2H, g, Jyy=7Hz, O-CH,-C), 6.05 (1H, dd, Jyg=19Hz, Jyr=43Hz, H;), 7.20-7.65
(10H, m, H aromatic); MNH,*=340. 6a "F NMR & (282 MHz, CDCl;, C4Fg), 47.64 (1F, dd, Jgp=255Hz,
Jur=20Hz), 59.84 (1F, dd; }ge=255Hz, Jy;z=10Hz); 'HNMR & (300 MHz, CDCl3, TMS) 0.90 (3H, Jy;=7Hz,
Hg), 1.24 (3H, t, Jyy=THz, O-C-CH3), 125-140 (4H, m, Hg 7), 1.45-1.60 (2H, m, Hy, 5,), 1.75-1.95 (2H, m,
Hyp sp)» 3-45 (1H, ddt, Jyg=20Hz, Jyp=10Hz, Jyy=10Hz, Jy;=3Hz, Hj), 4.05-4.30 (2H, 2m, O-CH,-C);
MNH, =334,
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