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Summary : 2-Fluoro- or 2,2-difluoro-I-bromoalkanes readily undergo aucleophilic 
substitution by sodium thiopheaolate to give Zfluoro- or 2,2diIluoroalkyl pheayl 
sulfides (la - lc). The latter may be oxidized to the corresponding sulfoxides (Za - 2~). 
Heating with acetic anhydride produces Zfluoro- and 2,2-difluoro-l-(pheaylthio)alkyl 
acetates (3a - 3b) which may then be cleaved to give Zfluoro- and 2,2-difluoro-l- 
pheaylthio-1-alkanols (Sh - Se) or the 2&oro- and 2,2diiluoroalkanals (4a - 4c) if 
not reduced to give Zfluoro- or 2,2-dilluoro-1-alkanols (6h - SC). 

Fluorine decreases the reactivity of adjacent electrophilic centers towards aucleophilic substitution. Thus, potas- 

sium iodide in acetone promotes a Fmkelstein halide exchange with 2,2,26IIuoroethyl bromide 111 2.5 . 16 

times more slowly than with propyl bromide 121 under identical conditions. (1-Pluorocyclohexyl)methyl bromide 

was found to be too inert towards sodium acetate to allow replacement of the bromine atom to occur 131. 

Therefore, a more powerful aucleophile deemed preferable if we wanted to submit the readily available Zfluoro- 

and 2,2-difluoro-1-bromoalkanes 141 to substitution reactions. Indeed, with sodium thiopheaolate high yields of 

the 24uoro- and 2,2-difluoroalkyl phenyl sulfides la - lc were obtained. 
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Peracid oxidation produced the correspoadii sulfoxides 2~ - 2c. When heated with acetic anhydride, the latter 

smoothly underwent the Pummerer rearrangement 1’1 to afford the 2-fluoro- or 2,2diiuoro-1-(pheaylthio)alkyl 

acetates 3a - 3c. The fact that no ,T-eliiiaatioa of fluoride is observed disproves the transient existence of a 

sulfoaia ylid species M and advocates for the intermediicy of a carbenium-sulfoaium ion. 
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The ester group of the a-phenylthioalkyl acetates 3 could be easily removed by reduction with diisobutyl- 

aluminum hydride. Only the mottofluorinated hemithioacetal S, however, spontaneously decomposed under 

elimination of thiophenol to set free the 2-fluorodecanal4n. The cleavage of the difluorinated analogs Sh and SC 

had to be brought about by a combiion 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 preuusors 3 which can be indefinitely stored. Moreover, the fluorinated l- 

(phenylthio)alkyl acetates 3 can be used in many reactions as if they were the free aldehydes. For example, 

treatment of 3b and 3c with lithium aluminum hydride led immediately to the 2,2-ditluoro-1-alkanols 6h and 6c. 
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So far, only a few saturated a-fluoro- and a,a-difluoroaldehydes were reported in literature 11. In most cases, 

they are derived from atypical polyhalogenated starting materials. Our approach appears to present the fit 

systematic entry to this class of compounds [*I Fluorinated aldehydes merit particular attention because of their . 

potential biological properties f9). 

EXPERIMENTAL PART 

General remarks: see the first article of this series of three [lo]. - The di)!luoro 
6 - ?4 (di)fluoro-1-alkanols show similar NMR anomalies as the corresponding romtdes 

oroalkyl phenyl sulfides and 
. 

1. 2-Ruoro- and w Phem 

A solution of the Ztluoro 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 comb&d, washed with a 10% aqueous solution 
of sodium carbonate (2 x 50 mL) and evaporated. The product was isolated by distillation under reduced 
prcssurc. 

2-Fluorodecyt phenyi sulfide (la) : 89%; mp 17 - 18 “C, bp 175 - 177 “C/5 mmHg; II: 15134. - ‘H-Nh4R 
(CDC 

‘d 
: 7.3 (5 H, m), 4.60 (1 H, d of symm. m, J 48.5), 3.X) (1 H, ddd, J 16.4, 14.0,6.6), 3.07 (1 H, ddd, J 21.0, 

14.0, 5. ), 1.7 (2 H, m), 1.4 (2 H, m), 13 (10 H, s-like m), 0.88 (3 H, t,I7.0). - Analysis : talc. for C,,H,Fs 
(268.43) C 7159, H 939; found C 71.82, H 9.12%. 

Zf-Ditluorodecyl phenyl rulftde (lb) : !M%, m 
(CDC : 

2 

-20 to -19 “C, bp 166 - 169 “C/5 mmHg; n20 1.5025. - ‘H-NMR 
7.4 (2 H, m), 73 (3 H, m), 329 (2 !I, 1, J 14.1), 1.96 (2 H, symm. m), 1.4 (2 em), 1.3 (10 H, s-like 

m), 0. (3 H, 1, / 6.9). - Analysis : cak. for CtaHzsFzS (286.42) C 67.16, H 8.45; found C 67.16, H 8.21%. 

2,2-Dtfluoru-2-pbenyiethyi phenyi rolfide (lc) : W, bp 122 - 124 “C/5 mmHg; n?O 15695. - ‘H-NMR 
(CDCl+ 7.5 (2 H, m), 7.4 (3 H, m), 7.3 (2 H, m), 7.2 (3 H, m), 3.56 (2 H, t, J 14.6f - Analysis : talc. for 
C,,H,, 2S (250.31) C 67.18, H 4.&$ found C 67.11, H 5.01%. 
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(10 H, m), 1.0 (2 H, m, narrow), 0.90 (3 H, f I7.0). - ?-NMR (CDC$) : - 47.5 (t, I 123). - IR : 1760 
(s, v[C-01). 

2f-DiIIuoro-2-pheuyInc@ddehydt (4c) : 2,2-DifIuoroZ 
2.7 g, 10 mmol) was converted in the same way, as 
\p aidehyde &, 1.2 g (78%); bp 66 - 69 ‘C/S mmHg. - 

F-NMR (CDClG : - 48.0 (d, J 3.0). 

5. 22-D fluoro-l-p- i 

Zf-DYuoro-l-phenylthio-l-decanol (Sb) : A precooIed solution of 2,2-difIuoro-l-(phenyIthio)decyI acetate (3b; 
4.9 g, 15 mmol) in tolucnc (SO mL) was added to diisobutyialuminum hydride (20 mmol) in toluenc (25 mL) at 
-75 “C. After 2 h, the organic layer was thoroughly washed with ice-cold 10% IrydrochIonc acid (2 x 20 mL) and 
saturated aqueous sodium hydrogen carbonate (2 x l-5 
41 “C (after recrystahizatton from hexane). - 

residue was obtained, 4.2 g (93%); mp 39 - 

{220,93), 2.53 (1 H, s, broad), 2.04 (2 H, 
: 7.5 (2 H, m), 7.3 (3 H, m), 5.05 (1 H, dd, 

- 

+) 
: - 44.1 (td, / 175,9.0), 

Lz:$e ,OS (362.43) C 63.54, H 

narrow), 0.88 (3 H, t, I7.0). 
: 3560 (s, u[O-HI). - Analysis: 

2f-Mflo~2-pbcnyl-l-(phenyltblo)cthpnol (SC) : In the same way as described for 3b, 2,2-difIuoro2-phenyl-l- 
~$~;ylthio)cthyI ac$ate (3c, 4.6 g, 15 mmol) was converted to SC whrch was obtained as bcolorlcss oil; 3.6 g 

- H-NMR (CDC 
- 41.; id, J 9.6), - 413 (d, I9 v 

: 7.5 (10 II, m), 5.28 (1 H, t, I95), 23 (1 H, s, broad). - 
). 

F-NMR (CDCla : 

6. 22_DMuoro-1-alk& 

Zf-Difluoro-l-decanol (6b) : 2,2-Difluoro-1-(phenylthio)dccyI acetate (3b; 3.4 g, 10 mmol) was added to a 
suspension of lithium aluminum hydride (0.46 

Q 
12 mmol) in diethyI ether (25 mL). After 1 h of stirrin 

the mixture was poured on ice. The organic so ution was fdtered, washed mth brine (15 mL), dried an d 
at 0 “C, 
conccn- 

[rated. Upon distillation under reduced pressure a co~less liquid was collected which solidified in the cold; 1.9 g 
(98%); mp 15 - 16 “C; bp 100 - 104 ‘C/5 mmHg - H-NMR (CDC 

Y 
: 3.72 (2 H, t, J 12.8), 2.49 (1 H, s), 1.90 

2 H, symm. m), 1.5 (2 H, m), 13 (10 I-I, m, narrow), 0.89 (3 H, t, 
194.27) C 61.83, H 10.38, found C 61.91, H 10.36%. 

6.8). - Analysis : talc. for C,,H,F,O 

2,2-DiIIuoro-2-phenyIetIurno1 (SC) : In the same way as de&i for 3bl 2,2-difluora-2-phenyI-l-(phenyIthio)- 
ethyl acetate (3c) was reduced to the corresponding alcohol 6e; 86%. - 
(3 H, m), 3.89 (2 H, t,l l3.7), 2.91 (1 I-I, s). 

H-NMR (CDC$) : 7.5 (2 H, m), 7.4 
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