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Abs t rac t :  We report the preparation of polyfluoroalkyl aMehydes RF(CH2)nCHO in high yields by direct oxidation of 

polyfluoroalkyl alcohols; the Swern oxidation, pyridinium chlorochromate and Dess-Martin periodinane are used and compared 

© 1998 Published by Elsevier Science Ltd. All rights reserved. 

Per(poly)fluorinated aldehydes RFCH2CHO and their hydrates may be suitable starting materials in the 

synthesis of polyfluorinated acids RFCH2COzH or aminoacids RFCH2CH(NH2)CO2H, which may constitute 

interesting precursors of various types of surfactants bearing a linear per(poly)fluorinated chain. Among the 

methods describing the preparation of fluorinated aldehydes reported in the literature 1, those starting from the 

corresponding alcohols are rather scarce, often limited to the trifluoromethyl substituted ones and their yields 

are generally poor 2. That is why we attempted to find a method for preparing a series of polyfluoro-aldehydes 

RF(CH2)nCHO 2 of  various lengths in the perfluoroalkyl end group and in the polymethylene spacer group, 

under mild conditions and in high yields from the corresponding primary alcohols 3. 

We tested first the applicability of "activated" DMSO as described by Swem et al. 4 and of the pyridinium 

chlorochromate oxidation method 5 in the oxidation of alchols RF(CH2)nCH2OH 6. 

path i or path ii 
RF(CH2)nCH2OH ~- 

1 
i) Swern oxidation: a) DMSO / oxalyl chloride / CH2CI 2 / -50°C. 

ii) Pyridinium chlorochromate / room temperature 

RF(CH2)nCHO 

2 

R F = CmF2m+l 

+ F C H O  

R'F H 
3 

R'F= Cm- lF2m - 1 

The results obtained by both methods were summarized and compared in table 1. 
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Compound R F n Yields % 2 % 3 % Boiling point 

i(ii) 

2a C4F 9 4 84(70) 100 86°C, 30 mmHg 

2b C6F13 4 89(81) 100 94,5°C, 30 mmHg 

2c C8Fl7 4 83(78) 100 101°C, 30 mmHg 

2d C6FI 3 3 70(65) 100 45°C, 5 mmHg 

2e C6Fl3 2 52(36) 100 40°C, 5 mmHg 

2f, 3f C4F 9 1 75(75) 8 92 37°C, 30 mmHg* 

2g, 3g C6F13 1 85(75) 7 93 40°C, 30 mmHg* 

2h, 3h C8F17 1 80(70) 8 92 30°C, 30 mmHg* 

Table 1: Alcohol to aldehyde conversion : i) by the Swem oxidation; ii) by pyridinium chlorochromate. 

* Boiling point of the mixture 

The results depend on the length of the methylene spacer. When n = 4, 3 and 2 both methods provided a 

highly efficient and useful way to obtain fluoroalkyl aldehydes especially with n = 4 and 3, but although 

pyridinium chlorochromate was more convenient to use, it always gave slightly lower yields. 

When n = 1, this method gave a mixture of saturated 2 and t~,~ unsatured aldehyde 3, which is the 

major product. Only the Z isomer of 3 was isolated. The Z configuration around the double bond was 

evidenced by the value of the coupling constant 3JH. F ---- 31Hz, characteristic of a trans geometry beetween 

vinylic fluorine and hydrogen atoms 7. 

It should be noted that the reaction mixture experienced basic conditions either during the decomposition 

of the alkoxysulfonium chloride by means of triethylamine in the Swern procedure or in the pyridinium 

chlorochromate method, if an excess of pyridine was present. These results prompted us to assess the Dess- 

Martin method using a periodinane, the 1,1,1-triacetoxy- 1,1-dihydro- 1,2-benziodoxol-3(1 H) 4, which is one 

of the mildest and most convenient reagents available for oxidation of alcohols 8. This reagent was prepared 
9 according to Ireland procedure . The ease of its implementation and the mildness of the working-up conditions 

are especially suitable for substrates containing sensitive functional groups. 

Typically a solution of CsF~TCH2CH2OH lh in methylene chloride was added with stirring to a solution 

of 4 in methylene chloride. After twenty minutes, the conversion of the starting materials was completed. 

Then, two alternative procedures were tested for the discarding of the resulting acetxyiodinane 5 and the 

neutralisation of the acidic medium 10. 
OAc OAc 

/ 
," 

RFCH2CH2OH + ~ C H 2 C 1 2  RFCH2C~o + O 

1 4 0 2 5 0 

+ 2 AcOH 

In the first one, the reaction was quenched by adding aqueous sodium hydroxyde. This procedure led 

exclusively to the ct, l] unsatured aldehyde 3. 

The second one, realized under weakly alkaline conditions by means of a sodium thiosulfate solution in 

an aqueous sodium bicarbonate buffer, led to the F-alkylethanal 2 as the sole reaction product. 
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This result  s h o w e d  that the dehydrofluorinat ion did not occur during the oxidation step,  but when  the 

reaction m e d i u m  became  alkaline le' 11. 

The instability o f  the F-alkylethanals  2 in an alkaline med ium was conf i rmed by treating the aldehyde 2 h 

with tr iethylamine.  After stirring at room temperature during thirty minutes,  its convers ion  into the ~z,~ 

unsatured a ldehyde  3h  was complete .  

In conclus ion,  the preparat ion o f  a series o f  f luoroalkylaldehydes RF(CH2)nCHO in g o o d  yields  (n > 2) 

was achieved in good  yields by oxidation o f  pr imary alcohols RF(CH2)n+IOH by three different  me thods .  The 

easy dehydrof luor inat ion o f  the F-alkylethanals (n = 1) can be avoided when  using the Dess-Mart in 

per iodinane method.  
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