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Summary : 2-Fluoro- or 2,2-difluoro-1-bromoalkanes readily undergo nucleophilic
substitution by sodium thiophenolate to give 2-fluoro- or 2,2-difluoroalkyl phenyl
sulfides (1a - 1c). The latter may be oxidized to the corresponding sulfoxides (2a - 2¢).
Heating with acetic anhydride produces 2-fluoro- and 2,2-difluoro-1-(phenylthio)alkyl
acetates (3a - 3b) which may then be cleaved to give 2-fluoro- and 2,2-difluoro-1-
phenylthio-1-alkanols (5b - S¢) or the 2-fluoro- and 2,2-difluoroalkanals (4a - 4c) if
not reduced to give 2-fluoro- or 2,2-difluoro-1-alkanols (6b - 6¢c).

Fluorine decreases the reactivity of adjacent electrophilic centers towards nucleophilic substitution. Thus, potas-
sium jodide in acetone promotes a Finkelstein halide exchange with 2,22-trifluoroethyl bromide M 2s5. 10°
times more slowly than with propyl bromide I ynder identical conditions. (1-Fluorocyclohexyl)methyl bromide
was found to be too inert towards sodium acctate to allow replacement of the bromine atom to occur P,
Therefore, a more powerful nucleophile deemed preferable if we wanted to submit the readily available 2-fluoro-
and 2,2-difluoro-1-bromoalkanes M 1o substitution reactions. Indeed, with sodium thiophenolate high yields of

the 2-fluoro- and 2,2-difluoroalkyl phenyl sulfides 1a - 1¢ were obtained.
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R-C-CHy-Br — R-C-CHp-5() 1
X X

[& R=HyCq X=H bt R=HyCy X:=F e R=HgCq X=F|

Peracid oxidation produced the corresponding sulfoxides 2a - 2c. When heated with acetic anhydride, the latter
smoothly underwent the Pummerer rearrangement ] to afford the 2-fluoro- or 2,2-difluoro-1-(phenylthio)alkyl
acctates 3a - 3c. The fact that no g-elimination of fluoride is observed disproves the transient existence of a

sulfonia ylid species 161 and advocates for the intermediacy of a carbenium-sulfonium ion.
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The ester group of the a-phenylthioalkyl acetates 3 could be casily removed by reduction with diisobutyl-
aluminum hydride. Only the monofluorinated hemithioacetal 5a, however, spontancously decomposed under
elimination of thiophenol to set free the 2-fluorodecanal 4a. The cleavage of the difluorinated analogs 5b and Sc
had to be brought about by a combination of chromatography and dehydration.
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The aldehydes 4 proved to be too labile to be kept at ordinary temperature. On the other hand, they may be
generated any time from their precursors 3 which can be indefinitely stored. Moreover, the fluorinated 1-
(phenylthio)alkyl acctates 3 can be used in many reactions as if they were the free aldehydes. For example,
treatment of 3b and 3¢ with lithium aluminum hydride led immediately to the 2,2-difluoro-1-alkanols 6b and 6¢.

F 0-CO-CHy F F
R-C-CH — (R-g-cuzo) —=  R-C-CH,0H

F3$© F F
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Lb: Rz=HpCg eR: Hsc,,]
So far, only a few saturated a-fluoro- and a,a-difluoroaldehydes were reported in literature [, In most cases,
they arc derived from atypical polyhalogenated starting materials. Qur approach appears to present the first

systematic entry to this class of compounds @), Fluorinated aldehydes merit particular attention because of their
potential biological properties %),

EXPERIMENTAL PART
General remarks: see the first article of this series of three 1%, - (l;il)ﬂuorot'fhoroalkyl phenyl sulfides and
(di)fluoro-1-alkanols show similar NMR anomalies as the correspondmg romides ).

1. 2- r -Di

A solution of the 2-fluoro- or 2,2-difluoroalkyl bromide (50 mmol) and sodium thiophenolate (7.9 g, 60 mmol) in
anhydrous N,N-dimethyl formamide (100 mL) was kept 2 h at 25 °C. Water (200 mL) was added and the mixture
was extracted with hexane (3 x 50 mL). The organic layers were combined, washed with a 10% aqueous solution
of sodium carbonate (2 x 50 mL) and evaporated. The product was isolated by distillation under reduced
pressure.

2-Fluorodecyl phenyl sulfide (1a) : 89%; mp 17 - 18 °C; bp 175 - 177 °C/5 mmHg; n 15134, - 'H.NMR
(CDCL) : 73 (5 H, m), 4.60 (1 H, d of symm. m, J 48.5), 3.20 (1 H, ddd, J 164, 14.0, 6.6)°3.07 (1 H, ddd, J 210
14.0, 56), 1.7 (2 H m), 1.4 (2 H, m), 13 (10 H, s-like m), 0.88 (3 H, t,J 7.0). - Analysns calc. for C,HyFS

(268 43) C 71.59, H 9.39; found C 71.82, H 9. 12%

2,2-Dlﬂuorodecyl phenyl sulfide (1b) : 94%; mp -20 to -19 °C; bp 166 - 169 °C/5 mmHg; 20 15025. - 'H-NMR
(CDCL) : 74 (2H, m), 73 (3 H, m), 329 (2 H, ¢, J 14.1), 196(2H, m. m), 14(2HDm 1.3(10H s-like
m), 0. (3 H,t,J69). - Analysis : calc. for Cl6 uF2S (286.42) C 67. 16 H 8.45; found C 67. 16 H 8.21%.

2,2-Diftuoro-2-phenylethyl phenyl sulfide (Ic) : 99%; bp 122 - 124 °C/5 mmHg; n2 15695. - 'H-NMR
(CDC]% 75 (2 H, m), 74 (3 H, m), 7.3 (2 H, m), 72 (3 H, m), 3.5 (2 H, uud’ Analysis : calc. for

C,,H,,F,S (250.31) C'67.18, H 4.83; found C 67.11, H 5.01%.
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2. 2-Fluoro- and 2.2-Diflyoroalkyl Phenyi Sulfoxides

General procedure : A mixture of the 2-fluoro- or 2,2-difluoroalkyl phenyl sulfide (35 mmol) and m-chloroper-
benzoic acid hydrate (55% techn. quality, 12 g, 38 mmol) in dichloromethane (100 mL) was stirred 3 h at -40 °C.
The solution was thoroughly washed with 20% aqueous sodium hydroxide (3 x 20 mL), dried and evaporated.
The residue was purified by recrystallization (2a, 2b) or chromatography (2c).

2-Fluorodecyl phenyl! sulfoxide (2a) : 65%; mp 4q - 41 °C ( from hexane). Before recrystallization, two diastereo-
isomers were present in a roughly 1 : 1 ratio. - "H-NMR (CDCL) : 7.7 (2 H, m), 7.6 (3 H, m), 5.12 (0.5 x 1 H,
d of symm. m, J 49.5), 4.74 (0.5 x 1 H, d of symm. m, J 48.5), 3.28°(0.5 x 1 H, ddd, / 15.8, 13.7, 7.3), 3.00 (0.5 x 1
H, ddd, J 20.5, 13.7, 4.5), 2.9 (0.5 x 2 H, m), 1.8 (2 H, m), 1.4 52 H, m), 1.3 (10 H, m, narrow), 0.88 (3 H, t, J
6.9). - Analysis : calc. for C,;H, FOS (284.43) C 67.56, H 8.86; found C 67.81, H 8.92%.

2.2-Difluorodecyl phenyl sulfoxide (2b) : 97%; mp 51 - 52 °C (from hexane). - IH.NMR (CDCL) : 1.7 2 H,
m), 7.6 (3 H, m), 3.35 (1 H, dt, J 190, 13.§), 3.19 (1 H, td, J 14.5, 11.7), 2.09 (2 H, symm. m), 1.5 {2 H, m), 1.3
(10 H, m, narrow), 089 (3 H, 1,7 7.0). - '"H-NMR (C.D,) : 74 (2 H, m), 7.0 (3 H, m), 297 (1 H, ddd, J 23.5,
11.3, 9.8), 2.80 (1 H, q, J 12.8), 2.05 (2 H, symm. m), 15 (2'H, m), 1.3 (10 H, m), 0.90 (3 H, t,J 6.9). - Analysis :
calc. for C, ;H, F,0S (302.24) C 63.55, H 8.00; found C 63.83, H 7.83%.

%,Z-Diﬂuoro-z-phenylethyl phenyl sulfoxide (2c) : 88%; mp -40 to -38 °C; bp 235 - 240 °C/5 mmHg; o2 1.5731. -
H-NMR (CDCL,)) : 7.7 (2 H, m), 7.5 (8 H, m), 3.66 (1 H, ddd, J 18.1, 14.5, 12.8), 3.48 (1 H, dt, 17%, 14.1). -

Analysis : calc. for C  H,,F,08 (266.31) C 63.14, H 4.54; found C 63.00, H 4.80%.

Oxidation with 30% [2queous hydrogen peroxide gave 2,2-difluoro-2-phenylethyl phenyl sulfone as white crystals;
mp 126 - 128 °C. - "H-NMR (CDCl,) : 7.86 (2 H, dt, J 8.2, 1.9), 7.65 (1 H, tm, J 7.6), 7.52 (2 H, tm, J 7.6), 7.40
(5 H, m, s-like), 3.98 (¢, J 13.9).

3. 2-Fluoro- and 2.2-Difl 1-(phenylthi 1

General procedure : Under nitrogen atmosphere, a solution of 2-fluoro- or 2,2-difluoroalkyl phenyl sulfide (25
mmol) and sodiumacetate (8.2 g, 100 mmol) in acetic anhydride (50 mL) was heated 3 h to 130 °C. After
evaporation of excess anhydride the residue was absorbed on silica gel (20 g) which was poured on top of a
column filled with fresh silica gel (50 g) and eluted with a 10 : 1 mixture of hexane and ethyl acetate.

f—Fluoro-l-(phenylthio)decyl acetate (3a) : 71%; n20 1.4987. - A 2: 1 diastereomeric mixture was obtained . -

H-NMR (CDCl,) : 7.6 (2 H, m), 7.3 (3 H, m), 6.2 (0.3 x 1 H, dd, J 164, 3.8), 6.16 (0.7 x 1 H, dd, J 14.5, 6.3),
4,64 (0.3 x 1 H,'d of symm. m, J,... 48.3), 457 (0.7 x 1 H, d of symm. m, J,. . 48.3), 2.11 (0.7 x 3 H, s), 2.10
(0.3 x 3 H, s), 1.7 (2 H, m), 1.41-5 H, m), 1.3 (10 H, s-like m), 0.89 (3 H','l Y, J 70). - Analysis : calc. for
C,gH,,FO,S (326.47) C 66.22, H 8.34; found C 66.35, H 8.19%.

2,2-Difluoro-1-(phenylthio)decyl acetate (3b) : 91%; n? 1.4870. - 'H-NMR (CDCL) : 7.6 (2 H, m), 7.4 (3 H,

m), 623 (1 H, t,7 104),2.12 (3 H, s), 203 (2 H, symg. m), 1.51 (2 H, symm. m), 1.3 (10 H, m), 0.89 (3 H, t,
J6.9). - Analysis : cale. for C,gH, F,0,S (344.46) C 62.76, H 7.61; found C 62.54, H 7.78%.

2,2-Difluoro-2-phenyl-1-(phenylthio)ethyl acetate (3c) : 90%; mp -67 to 65 °C; n2) 1.5430. - 'H-NMR (CDCL):
7.6 (2 H, m), 74 (5 H, m), 7.2 (3 H, m), 6.40 (1 H, t,J 10.7), 2.05 (3 H, s). - Analysis : calc. for C.H, 4F20328
(308.35) C 6232, H 4.58; found C 62.00, H 5.08%.

4. 2-Fluoro- and 2.2-Difluoroalkanals

2-Fluorodecanal (4a) : A precooled solution of 2-fluoro-1-(phenylthio)decyl acetate (3a; 3.3 g, 10 mmol) in
toluene (50 mL) was added to diisobutylaluminum hydride (15 mmol) in toluene (12.5 mL) and kept 2 h at
-75 °C. The mixture was concentrated and absorbed on silica gel (10 g). Elution from a column filled with fresh
silica gel (20 g) with a 10 : 1 mixture of hexane and ethyl acetate afforded, after evaporation of the solvents, 3
colorless oili Immediate distillation under reduced pressure gave 4a; 1.6 g (92%); bp 92 - 95 °C/15 mmHg; njy
1.4439. - "H-NMR (CDCl,) : 9.78 (~ 1 H, d, J 6.5), 4.80 (0.1 H, d, J 47.8), 4.76 (~ 1 H, d of symm. m,
Jyp 49.0), 1.8 (2 H, m), 1.5 (2 H, m), 1.3 (10 H, m, narrow), 0.8199 (3 H, t,J 7.0). - The signal at 4.80 ppm may
be caused by a small equilibrium concentration of the enol. - “F-NMR (CDCL,) : - 1358 (dtd, J 48, 24, 6). -
IR : 1735 (s, Y[C=C]).

2,2-Diftuorodecanal (4b) : 2,2-Difluoro-1-phenylthio-1-decanol (5b, see Section below; 3.0 g, 10 mmol) was
absorbed on wet silica gel (40 g). With a 10 ; 1 mixture of hexane and ethyl acetate the hydrate of the aldehyde
was eluted (as evidenced by nmr specfroscopy : § 5.05, symm. m). After evaporation of the solvents, the residue
was taken up in toluene (20 mL) and heated in a Dean-Stark trap. Bulb-to-bulb distillation afforded pure 4b;
17 g (85%); bp 71 - 74 °C/5 mmHg. - "H-NMR* (CDCL,) : 889 (1 H, t,J ~ 1), 1.58 (2 H, symm. m), 1.2
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(5, IC=O)).

2,2-Difluoro-2-phenylacetaldehyde (4c) : 2,2-Diﬂuoro-2.ﬁznyl-1-(phenylthio)ethanol (5¢c, see section below;
2.7 g, 10 mmol) was converted in the same way, as dcscsl in the preceding paragraph to the hydrate and to
e aldehyde 4c; 1.2 g (78%); bp 66 - 69 °C/5 mmHg. - ‘H-NMR* ( :956(1H,1,732),75(5H, m). -
|
F-NMR (CDCl,) : - 48.0 (d, / 3.0).

5. i - i0-1-

2,2-Difluoro-1-phenyithio-1-decanol (5b) : A precooled solution of 2,2-difluoro-1-(phenylthio)decyl acetate (3b;
4.9 g, 15 mmol) in toluene (S0 mL) was added to diisobutylaluminum hydride (20 mmol) in toluene (25 mL) at
-75 °C. After 2 h, the organic layer was thoroughly washed with ice-cold 10% hydrochloric acid (2 x 20 mL) and
saturated aqucous sodium hydrogen carbonate (2 x 15 mL). A solid residue was obtained; 4.2 g (93%); mp 39 -
41 °C (after recrystallization from hexane). - "H-NMR® ( : 75 (2 H, m), 73 (3 H, m), 505 (1 H, dd,
.11912.0, 9.3), 2.53 (1 H, s, broad), 2.04 (2 H, symm, m), 1.5 (2 H, m), 1.3 (10 H, m, narrow), 0.88 (3 H, t,J 7.0). -

F-NMR (CDCL) : - 44.1 (td, ] 17.5, 9.0), - 4.9 (1d,J 167, 59). - IR (CH,CL) : 3560 (s, v[O-H]). - Analysis:
cale. for C, H, F,08 (302.43) C 63.54, H 8.00; found C 63.45, H 8.11%.

22-Difluoro-2-phenyl-1-(phenylthio)ethanol (5¢) : In the same way as described for 3b, 2,2-difluoro-2-phenyl-1-
(phenylthio)ethyl acetate (3c; 4.6 g, 15 mmol) was converted to Sc¢ which was obtained as fgcolorlcss oil; 3.6 g
(90%). - 'H-NMR* (CDCL) : 7.5 (10 H, m), 528 (1 H, t, 7 9.5), 23 (1 H, s, broad). - -NMR (CDCl,) :
-41.1(d, 7 9.6), - 413 (4,7 92).

6. -Di -alk

2,2-Difluoro-1-decanol (6b) : 2,2-Difluoro-1-(phenylthio)decyl acetate (3b; 3.4 g, 10 mmol) was added to a

suspension of lithium aluminum hydride (0.46 g, 12 mmol) in diethyl ether (25 mL). After 1 b of stirring at 0 °C,

the mixture was poured on ice. The organic solution was filtered, washed with brine (15 mL), dried and concen-

trated. Upon distillation under reduced pressure a colorless liquid was collected which solidified in the cold; 1.9 g

(98%); mp 15 - 16 °C; bp 100 - 104 °C/5 mmHg. - "H-NMR (CDCI? :372(2H,t,7128),249 (1 R, s), 1.90

§2 H, symm. m), 1.5 (2 H, m), 1.3 (10 H, m, narrow), 0.89 (3 H, t,7 6.8). - Analysis : calc. for C (H, F,0
194.27) C 61.83, H 10.38; found C 61.91, H 10.36%.

2,2-Difluoro-2-phenylethanol (6¢) : In the same way as described for 3b1 2,2-difluoro-2-phenyl-1-(phenylthio)-
cthyl acetate (3c) was reduced to the corresponding alcohol 6¢; 86%. - "H-NMR (CDCL) : 7.5 (2 H, m), 74
(3H,m),389 (2H,1,713.7),291 (1 H, 5).

LY ara asemear) Qn (2 1T ¢ m . A€ £ ¥ AY I . 1mon
I3, i, TOW), UV \O I, , 4 /U). ~ r=INIViRu \\.'U\_l.s) eI \LJI 1LD), - K L LT
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