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Summary: Primary alcohols and their silylated derivatives are selectively 

tetraalkylammonium fluoride and aryl(or alkyl)sulfonyl fluoride. 

fluorinated by 

Increasing interests in fluorine-containing medicines and pesticides stimulate the 

development of new methodologies for the preparation of specifically fluorinated compounds.’ 

One of the most important and straightforward strategies for the introduction of a limited 

number of fluorine into a target molecule is the conversion of a hydroxyl group into 

fluorine. For this purpose certain reagents have been devised.’ However, most of them have 

innegligible drawbacks due to formation of by-products derived from poly-fluorination, 

olefination, etherification , etc, and/or tedious preparation and handling of reagents. We 

have been exploring mild fluorination methods for alcohols especially associated with the 

molecule designs for the bio-controlling agents specifically fluorinated, and now found a 

selective fluorination method for primary alcohols, which involves the use of 

tetraalkylammonium fluoride and aryl(or alkyl)sulfonyl fluoride.3 

CHIOH - R 
-R 

CH2F 

Treatment of p-methoxybenzyl alcohol 

(TEUF) and 1.1 equiv of p-toluenesulfonyl 

RCHzOH 

(1) Or 
RiNF, RZsQF + RCH,F (2 1 

RCH,OSiR: 
MS 4A 

with 1.1 equiv of tetra-n-butylammonium fluoride 

fluoride (TsF) in THF in the presence of molecular 

sieves 4A4 at room temperature gave p-methoxybenzyl fluoride in 4S% yield (Run 1). 

A satisfactory result was obtained when TE@ (3.0 eq) and methanesulfonyl fluoride (MsF, 2.0 

eq) were employed, and the desired product was obtained in 81% (Run 2).5 This fluorination 

method is also applicable to silylated primary alcohols. p-Methoxybenzyl trimethylsilyl 

ehter underwent clean fluorination reaction to give the fluorinated product in 70% where a 
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combination of benzyltrimethylammonium fluoride (BTAF)6 and MsF was found to work better 

(Run 3). t-Butyldimethylsilylated analogue was also fluorinated although the yields were 

somewhat lower (Runs 5 and 6). Primary aliphatic alcohols needed higher reaction 

temperatures for the completion of the reaction, and the fluorination was performed in 

refluxing THF. BTAF was superior in the case of trimethylsilylated compounds (Run ll), 

whereas BTAF did not effect the reaction with t-butyldimethylsilyl ether, and TBAF appears 

to be essential in this case (Runs 12 and 13). 

Table lo Table 2a 

M~O-@H,OR F MeO@H,F G-!&R 
RN F, l?So,F 

THF, refl. 
n-GJ-k-8 

I 
, . 

2 3, 4 

Run R &IF (es ) R?X&F (eq) 2/Yield Run R dNF (eq) R+&F (es) 4/Yield 

(%)b,C (%)b*c 

-1 H TBAF(l.l) TsF(l.1) 46 7 H TBAF(3.0) TsF(2.0) 83 

2 H TBAF(3.0) MsF(2.0) 81 8 H TEW(3.0) MsF(2.0) 72 

3 SiMe_ BTAF(2.0) MsF(l.2) 70 9 H BTAF(2.0) MsF(l.5) 36 

4 SiMq TBAF(3.0) MsF(l.5) 61 10 SiMa TBAF(3.0) TsF(2.0) 49 

5 SiMq t-Bu TBAF(3.0) MsF(1.5) 57 11 SiMq BTAF(3.0) TsF(2.0) 87 

6 SiMq t-Bu BTAF(2.0) MsF(l.5) 52 12 Sikt-Bu TEW(3.0) TsF(2.0) 76 

QDetailed procedure, see ref. 9. bRef. 7. 13 SiMq t-Bu BTAF(3.0) TsF(2.0) 0 

cYield determined by NMR using a calibrated o&tailed procedure, see ref. 9. bRef. 7. 

internal standared. CYield determined by NMR using a calibrated 

internal standard. 

Examination into chemoselectivity of the present method has revealed that the 

fluorination is specific for primary alcohols. Under the fluorination conditions (3.0 eq 

TBAF, 2.0 eq MsF, THF, r.t., 24 hr) secondary and tertiary alcohols were quantitatively 

recovered. Under more forcing conditions (3.0 eq TBAF, 2.0 eq MsF, THF, refl, 17 hr), 

secondary alcohols afforded dehydrated olefins (lo-30 X) along with the recovered stating 

materials (70-90 X), whereas tertiary alcohols were almost unaffected’ (>95 % recovery). For 

preferential fluorination for primary hydroxyl groups we considered that the steric and 

electronic effects of R group in RS@F were very important factors, and therfore screened a 

variety of RSqF, e.g., R=camphor, p-bromophenyl, 2,4,5-trichlorophenyl, 

2,4,6-triisopropylphenyl, 2,4,6_trimethylphenyl, p-tolyl, methyl, and so on,’ for the 

selective fluorination of primary alcohols using dodecane-l,lO-diol(5) as substrate, and as 
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a result, p-tosyl fluoride gave the best result ( uide infra ) 

H R H 

(CH,\- OH 
THF, refl 

A CHfiF (3) 

5 
6, 62% 

Several primary alcohols possessing secondary or tertiary hydroxyl group, or other 

functionalities were subjected to the present reaction,‘O and Table 3 summarizes the result. 

In the presence of secondary or tertiary hydroxyl groups primary alcohols underwent 

selective fluorination to give mono-fluorinated products in good yield. Olefins, ketones, 

esters, and ethers remained unaffected by the present procedure. 

Table 3. Selective Fluorination for Primary Alcoholso 

Run ROH RF Yield(%P”Run ROH RF Yield(*/. Is 

1L 

H H 
n-Eu R C&&-OH MU R (CH&‘F 

16 

17 

18 

HO-KH&“O$ F /UC H,~F 

m&H&H + 

69 

a0 

73 

71 

19 A(CH,)(‘OH 

20 A CH,l(WH 

0 

21 MeO~(CH,),,(-‘OH 

22 Ph-OaoH 

23 Ph a, +H 

e(C HJ&(‘F 

.k CH&-F 

Me&~\-F 

Ph-O’--JF 

PhAO~F n-C&F + 

81 

65 

86 

89 

66 

oThe reaction was carried out in refluxing THF in the presence of molecular sieves 4A with 

alcohol:TBAF:TsF=l.0:3.0:2.0. bRef. 7. cIsolated yield. dAlcohol:TBAF:TsF=l.0:6.0:4.0. 

Thus demonstrated in the above examples, by the present method the primary alcohols and 

their silylated derivatives are cleanly converted to mono-fluorinated compounds by simple 

operation where the formation of ethers and olefins is in most cases negligible or in a few 

per cent order, if any. Furthermore, the chemoselectivity of this procedure may offer wide 

applicability to the selective fluorination requisite for newer approaches dealing with 

poly-functionalized intermediates. 
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All compounds gave satisfactory spectral data. 

The selectivity of the present methods is explained in terms of the sulfonylating 

ability of RS@F; faster for primary alcohols than for secondary ones and practically 

no reaction with tertiary hydroxyl groups. 

Sulfonyl fluorides were usualy prepared from the corresponding chlorides via exchange 

reaction with KF in toluene-water. cf. W. Davies and J. H. Dick, J. Chem. SOC., 2104 
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The following example is a typical experimental procedure: To a solution of TBAF.3HzO 

(purchased from Aldrich Chemical Co., and used without further purification, 391 mg, 

1.24 mmole) in 3 ml of THF in the presence of molecular sieves 4A (1 g14 was added a 

mixture of p-TsF (144 mg, 0.83 mmole) and 2-methyl-dodecane-2-11-diol (83 mg, 0.41 

mmole) in 2 ml of THF at room temperature. After stirring at reflux for 17 hrs, the 

reaction mixture was filtered through a pad of silica gel with the aid of a small 

amount of ethyl acetate. The filtrate was concentrated to give an oil (84 mg), which 

was purified by flash silica gel column chromatography to afford 

ll-fluoro_Z-hydroxy--2methyldodecane (67 mg, 8Q%). 
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