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Abstract: Tetrakis(dimethylamino)ethylene (TDAE) was found to be an effective 
reductant of chlorodifluoromethylated ketones 1-3. The generated ~,~-difluoroacetyl 
anion was trapped with several aldehydes 4-7, under mild conditions, to give the 
corresponding 2,2-difiuoro-3-hydroxy ketone derivatives 8-13, in moderate yields. 
© 1998 Published by Elsevier Science Ltd. All rights reserved. 

There continues to be an interest in the synthesis of new gem-d i f luor ina ted  compounds because of the 

potential biological properties of such molecules 1. Many selectively fluorinated analogues of biologically 

important compounds have experienced dramatic enhancement in their biological activity 2. Electrophilic 

carbonyl derivatives, such as c~,~-difluoroketones, are compounds of great interest because they have the 

capability to form hydrates and hemiketals 3a. It is believed that this property allows some fluorinated ketones to 

mimic the trapsition states involved in the hydrolytic action of proteases and esterases as well as many other 

enzymes 3b'e. Recently a series of c~,c~-difluoroketones have also shown interesting activities as HIV-1 proteases 

inhibitors 3b'4. The Reformatsky reaction of halodifluoroacetates and halodifluoroketones is by far the most 

common method of making such bioactive compounds 5. However, success of such reactions usually requires 

the use of catalysts such as zinc and catalytic titanium chloride 6, copper chloride for the reaction with aldehydes 

and silver acetate for ketones 5b, a catalytic amount of CeC13, 7 or Et2AIC1 with a catalytic amount of AgOAc 8. 

Ultrasonic activation of a preformed organozinc reagent 9 and an electrochemical nickel catalyzed reaction with 

methyl chlorodifluoroacetate and a sacrificial zinc anode, 10a and electrochemical reductive coupling reactions of 

methyl chlorodifluoroacetate with aldehydes using a lead cathode have also been reported l°b. An alternative and 

milder methodology for generating a difluoroacetyl anion, is a goal worth pursuing. 

As part of our ongoing effort in the synthesis of new fluorinated compounds with potential biological 

and synthetic applications 11, we wish to report the novel use of tetrakis(dimethylamino)ethylene (TDAE), as an 

electron donor, to generate stable 0~,c~-difluoroacetyl anions from chlorodifluoromethylated ketones 1-3. These 
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carbanions undergo in situ nucleophilic addition to aromatic aldehydes 4-7 to prepare 2,2-difluoro-3-hydroxy 

ketone derivatives 8-13. 
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Cyclic voltammetry of 112a (in anhydrous DMF + 0.1M Et4NBF4) shows that the first bielectronic 

wave (as compared with the one-electron oxidation wave of the ferrocene) located at -1.25V vs SCE (F_,pc 1 at 

0.2V/s on a glassy carbon electrode) is irreversible (up to 100V/s) and corresponds to the cleavage of the -CF2- 

C1 bond and to the formation of the corresponding difluoroacetyl derivative (the N,N-dimethyl-1- 

naphthylamine-4-difluoroacetyl, RCOCF2H 1412b) as the reduction product as was shown by comparison with 

an authentic sample 12b. The cleavage of the radical anion is very fast and therefore the major pathway of the 

tx, t~-difluoroacetyl radical is a further reduction to the hydrogenolysis product, probably at a close potential to 1. 

Our studies on the cyclic voltammetry of TDAE 1 la as well as on the chlorodifluoromethylated ketones (E, pct= 

1.31V vs SCE for 2 and Epcl=-l.15V vs SCE for 3 at 0.2V/s) at this point prompted us to try TDAE as a mild 

and conceptually-different synthetic electron transfer reagent, for the generation of difluoroacetyl anions, and 

subsequent reactions with aromatic aldehydes as trapping agents. As we have reported for the reactions 

involving bromodifluoromethylated heterocycles lla' 13, an equimolar amount of TDAE was necessary for 

complete reduction of the starting ketones, with the reactions being almost complete after two hours. The best 

yields of alcohols 8-13 were obtained using a 5 molar excess of the respective aldehyde. Formation of the 

products was monitored by TLC and the yields were moderate. The only side-products which represent the 

remaining balance material were the hydrogenolysis compounds RCOCF2H resulting from protonation of the 

ct,~-difluoroacetyl anion. 

The imidazo[l,2-a]pyridine skeleton (2) is an important heterocycle often found in many bioactive 

compoundsl4; the reaction of the ketone 215 with benzaldehyde (1 molar equivalent), gave after column 

chromatography, a mixture of the alcohol adduct 12 along the reduction product. Attempts to separate these two 
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products were unsuccessful. The alcohol 13 is a known compound 5. The structures of compounds 8-13 

obtained alter column chromatography, were confirmed by their spectral and analytical data 16. 

All of the reactions seem to involve the formation of a charge transfer complex between the starting 

ketones and the TDAE. Upon raising the temperature, this complex gradually decomposed to generate an ~,~-  

difluoroacetyl anion which is apparently stable enough to react with aromatic aldehydes. In all the experiments, 

[TDAE]2÷2CI - was recovered by simple filtration at the end of the reaction (in 60-65% yield based on the 

starting material) demonstrating that the TDAE has been clearly oxidized. A stepwise single electron transfer 

mechanism between the TDAE and the starting chlorides 1-3 should occur in all the reactions. 

In conclusion, TDAE has been found to have a remarkable ability to generate stable difluoroacetyl 

anions from chlorodifluoromethylketones. Such a methodology should be able to be extended to other 

chlorodifluoromethylated ketones of biological interest. The alcohol derivatives synthesised in this work should 

be good candidates for further chemical elaboration, lie and work along this line is in progress. 
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