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Abstract: A simple synthesis of optically active 1-fluoroalkyl benzenes bearing electron 

withdrawing substituents is developed. Optically active 1-hydroxyalkyl bemznes are 

converted into the methanesufonates and subsequently converted into the optically active 

1-fluoroallyl benzenes 1 by use of the fluorinating agent cesium fluoride/N-methyl- 

fotmamide. 

In the development of ferroelectric liquid crystals chiral dopants bearing fluorine at a chiral centte 

play an important role. t-2 High values of sponmm?mrs pokuixation are assumed for systems in which the 

chiral centre is most closely bound to the aromatic ba~lcbone.~-~ Thus optically active 4’-substituted l- 

fluoroetbyl benxenes 1 and homologs are prospective candidates for that purpose. Furthermore, the 

introduction of fluorine often causes pronounced biological effectse, so that the title compouwis are also 

useful in pharmacological studies.6*7 

In general, for the synthesis of optically active compoti bearing fluorine at a chiral centre only a 

few methods are la10wn.8~9 To date no method is known for the synthesis of the tide compounds. to Because 

1-fluoroalkyl benxenes have no functional group for resolution it is necessary to introd- fluorine by a 

stereochemically unambiguous route. A stereospecific SN2 reaction of a I-phenylalkyl -forrate may 

be an attractive way, for the correspomling optically active 1-phenylalcanols can easily be obtained by 

enantioselective reduction of ketones in high chemical arkI optical yield.llJ2 Two facts, however, restrict 

the success of this attractive possibility. Fitly, difficulties arise from the fact that in benxylic position SN~ 

reactions are favoured. Secondly, the introduction of fluorine by nucleophilic substitution, however, is 

difficult because the small fluoride anion behaves as a base rather than a nucleophile.* As we have shown 
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previously’3. crown ether in an apolar or dipolar aprotic solvent which is commonly used for SN2 type 

reactions is not efficient enough for replacements by fluorine. From the reaction of a 1-(4-phenoxy- 

carbonyl)phenylethyl methanesulfonate with cesium fluoride/lS-crown-6 in THF the I-(4-phenoxy- 

carbonyl)phenylethyl fluoride was obtained in only 1% yieId. 14 

We report here a new method for the synthesis of title compounds from the corresponding 

methanesulfonates using cesium fluoride in N-methylformami de as an efficient fluorinating reagent. 

Scheme 1 R = 4-CN. 4-NOz, 4-COOEt, 4_Br, 2-F, 4-(4’-Ne-pknyl), 4-H 

Optically active (R)-1-phenylethanols 2 (scheme 1)15 were prepared from the corresponding ketones 

using (-)-B-chloro-diisopinocampheyl borane in THFt 1 according to Brown’ ’ and converted into the 

methanesulfonates 3.16 These showed a pronounced substituent effect concerning their thermal stabilities 

which decreases for the sequence 4-CN, 4-NO2 > 4-Br, 4-COOEt, 2-F > 4-(4’-NOz-phenyl) > 4-H. 

Methanesulfonate 3 with R = H decomposes fast at temperatures below looC,17 whereas the methane- 

sulfonates 3 with R = 4-CN or 4-NO2 were stable at 6CPC for several hours. The differences in thermal 

stabilities reflect the diminished tendency of carbenium ion formation in the presence of electron with- 

drawing substitueuts. For the conversion into the I-fluoroethyl benzenes 1 the methanesulfonates 3 wete 

dissolved in a small quantity of methylene chloride at about 0% and added to a stirred suspension of CsF in 

N-methylformamide at the reaction temperature. Thermally stable methanesulfonates were added without 

solvent. t* 

Results are s - d in the table. It shows that the yield of optically active 1 is good in the 

presence of the strongly electron withdrawing substituents 4-NO2 and 4-CN and moderate for 4-COOEt, 4- 

Br and 2-F. The optical purities indicate that the formation of 1 is predominantly an SN2 process. In all 

cases we found the alcohol 2 as byproduct. In the absence of electron withdrawing substituents (R = H, 

phenyl) the conversion into the fluoride failed completely, and the alcohol 2 was formed as the main 

product. Because we excluded water carefully it is assumed that the alcohol formation is a competing 

reaction with the solvent probably under formation of iminium ions as intermediates as known for DMF.19 

In the absence of fluoride the formation of alcohol 2 ia quantitative. On the other hand, the amount of 

cesium fluoride - when used in excess - and the temperature did not dramatically affect the ratio between 1 

and 2. The table shows that in contrast to the synthesis of optically active 2-fluorocarboxylic acids13 

potassium fluoride in formamide is not suitable for the synthesis of the title compounds Addition of 

tetrabutykmmomum tluorlde m L‘HF, a commonly used tluormatmg reagen?, to the reaction mixture gave 

no improvement. The reaction of 3 (R = 4-NO9 with tetrabutyiautmonium fluoride in THF. gave a 

complex mixture. 1 (R = 4-N02) was not found. For the synthesis of 1 with R = NO2 it is possible to use 
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cesium fluoride in fobs or acetamide. The ~iubi~i~ of the ~~~lfo~~s 3 with R = 4-CN, 4-Br 

and Z-F, however, is very low in these very pokr media. As seen for R = 4-CN, in HMp the maction is 

much more slower and the yield of 1 is markedly dimini&d. 

Tabk 1: Synthesis of 1-fh~orwthyl benames 1 from me&net&form&s 3 

R ee (!@a solvent M(equiv . ) T/hC ratio 1 : 2d 

4-CN 

4-CN 

“NO2 

4-NO2 

4-NO2 

4-NO2 

4-NO2 

4-NO2 

4-NO2 

4-COGEt 

2-F 

2-F 

4-k 

4-Br 

4’-(4~NO2Ph) 

%.2e 

96.2 

96.48 

96.4 

96.4 

96.4 

96.4 

96.4 

96.4 

83.0i 

rat. 

l-X. 

rat. 

rat. 

rat. 

MPA 

DMF 

h4FA 

MFA 

MFA 

MFA 

AA 

FA 

FA 

MFA 

MPA 

AA 

WA 

MFA 

MFA 

W4) 

W4) 

Q(4) 

cm 

QX16) 

we 

Q(4) 

Cs( 16) 

K(8) 

W4) 

Q(4) 

W4) 

Cs(4.5) 

Kt4)k 

fx4) 

6014 81 (%.Oe) 

6014 60 

6015 75 (91.4h) 

loo/O.5 73 

6011 78 

10010.5 75 

90/l 73 

60/l 62 

6018 25 

60/l 46 (73.~ 

60/l 56 

90/f 0 

65/l 36 

6511 0 

4018 0 

: 19(884 
:4of 
: 25 

: 27 

: 22 

: 25 

: 27 

: 38 

: 75 

: 54 (28> 

: 44 

: loo 

: 64 

: 100 

: loo 

a emmtiomer excess in percent of educt akohol2, b MPA : 
formamide, concentmtion of 3 was 2-3&i, c 

N-methylformamide FA: 
temperature 

conversion, ~tiomer excess in brackets, e 
in oC and maction thne 

PH (20 m capillary, Astee, W@panylUSA), 
petermined by gas c~~~~~c 

analysis of the cormsponding 
conversion 60 96, g d&ermkd 

analysis’on Cbimldex B 

trifhzoroaceta 
by gas chromatographic 

te on Chiraldex G-TA (20 m capillary, Astec, WiilUSA), h 
de$rmined by gas &romauqp@ric analysis on Lipodex C (50 m glass capiRaq, Machcrey-Nqel, 
&enGermany), ’ de- by gas chromatographic aagfysis of the cormsponding trifluoroacetate as in 

, addition of 0.3 equiv. 1.1 M ~~~~~~ f&tori&e in THF. 
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Summarizing the results the new synthetic method is useful for the synthesis of I-fluoroall@ 

benzenes with electron withdrawing substituents such as cyano, nitro. carboxy, bromine or fluorine. T’he 

formation of the alcohol 2 as a byproduct is tolerable because it can be easily removed by distillation or 

chromatography. The aromatic substituents are useful functional groups for further conversions. 
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