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Synthesis of 3-Trifluoromet hylfurans from P,P-Bis(trifluoromethy1) a$-U nsaturated 
Ketones and Tin(ii) Chloride 
Klaus Burger* and Brigitte Helmreich 
Department of Organic Chemistry, Technical University Munich, Lichtenbergstrasse 4, W-8046 Garching, Germany 

A new building block strategy for the synthesis of 3-trifluoromethyl-substituted furans 9 and 10 is described from 
P,P-bis(trifluoromethyl) a$-unsaturated ketones 2 via reductive fluoride elimination and 1,5-electrocyclization with 
elimination. 

The development of synthetic methodologies for the selective 
introduction of short chain perfluoroalkyl groups into organic 
molecules is of current interest because of their ability to 
enhance biological activity. I The building block strategy for 
introduction of perfluoroalkyl groups is often found to be 
superior to  a selective introduction of the fluorinated side 
chain in a final step of the reaction sequence. 

In the case of five-membered heteroaromatic compounds 
some effective synthetic concepts have already been de- 
veloped. Cyclocondensation reactions with CF3-substituted 
starting materials offer a versatile access to  CF3-substituted 
heterocyclic as well as heteroaromatic compounds .* CF3- 
substituted 1,3-dipoles are especially valuable building blocks 
for the synthesis of a wide variety of CF3-substituted five- 
membered heterocycles.3 In addition, introduction of CF3 
groups can be achieved via [3 + 21 cycloaddition using 
CF3-substituted dipolarophiles.4 Recently, a novel and pre- 
paratively valuable CF3-containing building block, ethyl 3,3,3 
-trifluoro-2-diazopropionate, has been described.5 1,5-Elec- 
trocyclization of CF3-substituted heteropentadienyl anions 
and subsequent elimination with aromatization offers an 
elegant route to perfluorinated and partially fluorinated 

heteroaromatic systems.6 A promising reaction sequence for 
the synthesis of five-membered heteroaromatic compounds 
consists of a Diels-Alder reaction of perfluoroalkyl-substi- 
tuted triple bonds to five-membered heteroaromatic com- 
pounds followed by a thermally induced [4 + 21 retro reaction 
of the bicyclic adducts obtained.7 Recently, we have reported 
on two new types for transformation of p,P-bis(trifluoro- 
methyl)-substituted a,b-unsaturated compounds into CF3- 
substituted azoles.8 Here we report on a versatile new route to 
3-trifluoromethylfurans starting from hexafluoroacetone. 

The (3,(3-bis(trifluoromethyl) a,P-unsaturated ketones 2 can 
easily be prepared from hexafluoroacetone 1 by using 
procedures reported in the literature.9 Compounds 2 were 
found to react smoothly with 1.1 equiv. of tin(ir) chloride 
(commercial sample: SnCI2.2H20) at room temperature to 
give tin heterocycles 3 (Scheme 1). The [4 + 11 cycloaddition 
process involves an oxidation at tin (Sn2+ + Sn4+) and a 
reduction of the unsaturated ketone substructure. The overall 
result of the cycloaddition process can be interpreted as an 
Umpolung at the carbon atom bearing the geminal pair of 
trifluoromethyl groups. 

Compounds 3 undergo a heterolytic bond cleavage on 
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Scheme I 

heating to give a dipolar species 4, where the negative charge 
is stabilized by a bis(trifluoromethy1)-substituted allylic anion. 
A spontaneous fluoride elimination occurs (4 + 5 ) ,  most 
likely assisted by the -OSnC12+ moiety acting as a fluoride 
trap. Cleavage of the O-Sn bond ( 5  + 6) by water results in a 
formation of the anion 6, which is protonated (6 + 7). The 
expected 1 ,S-electrocyclization6 (6 -+ 8) is not observed. The 
partially fluorinated unsaturated ketones 7 were obtained in 
high yields (80-90%) and have been fully characterized. The 
reaction 2 -+ 7 is a one-pot procedure carried out in 
xylene-tetrahydrofuran (THF) at 20-120 "C. 

Transformation of compounds 7 into partially fluorinated 
furans 9 can be achieved in high yields (60-72%) on  treatment 
with sodium hydride or lithium diisopropylamide in dipolar 
aprotic solvents such as dimethylformamide (DMF) at room 
temperature. Compounds 9 are characterized by 'H, 13C and 
19F NMR data as well as by mass spectrometry and elemental 
analysis. 7 

The reaction can be applied to a wide variety of aryl- 
substituted compounds 2. The substitution pattern at skeletal 

j- Selected data: (I3C NMR, Bruker AM 360 spectrometer, 90.6 MHz; 
19F NMR, Bruker AM 250, 235.3 MHz, both in CDC1,; J values in 
Hz): 9a, b.p. 47 "C at 0.1 Torr, 72% yield: 13C NMR, b 153.9 (dq. IJ 
285.0,3J4.5,C-2), 145.1 (C-5), 102.6(dq,~J2.0and2.0,C-4)and91.6 
(dq, 'J 7.5 and 40.0, C-3); 19F NMR, 6 -30.1 (dq, 4J3.0 and 10.5, CF) 
and 19.4 (d, 4J 10.5, CF3). 

9b, m.p. 53"C, 68% yield. 
9c, m.p. 35 "C, 66% yield. 
9d, b.p. 41 "C at 0.1 Torr, 70% yield. 
Ye, b.p. 39°C at 0.1 Torr, 60% yield; 13C NMR, b 153.3 (dq, 

285.5, "4.5, C-2), 142.1 (C-5),  101.6 (dq, 'J2.0 and2.0 Hz) and91.3 
(dq, '17.0 and 40.5, C-3); '"FNMR. 6 -30.4 (dq, jJ2.5 and 11.0, CF) 
and 19.3 (d, '+J 11.0). 

9f, b.p. 35 "C at 0.1 Torr, 63% yield. 

9 10 

Scheme 2 Nuc = R 2 0 ,  R2S, CN, H ,  Ph etc.; NucH = RZZNH 

atoms 4 and 5 of the furan ring can be altered by choosing the 
appropriate diene 2. The fluorine atom at C-2 is susceptible to 
nucleophilic displacement by a broad range of nucleophiles. 1" 

The reaction described represents a convenient route to 
3-trifluoromethyl-furans 9 and 10 with a variety of substitution 
patterns at C-2 and C-5. The possibility of introducing various 
side chains into the ring position 2 of the furan (9 + 10) 
(Scheme 2)$ in the final step of the reaction sequence, in order 
to  enhance and/or modify biological activity, makes this 
strategy especially versatile and valuable. A synthesis for 
3-fluorofurans has been described recently. 1 1  

The scope of the concept of transforming CF3-substituted 
hetero-l,3-dienes into partially fluorinated five-membered 
heteroaromatic systems and the synthetic potential of com- 
pounds of type 7 and 9 will be described elsewhere. 
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+ E.g. 10a R1 = Ph. Nuc = EtO: selected data: m.p.: 47°C; yield: 
96%; "CNMR(CDCI3): C-2,6 157.43(q,'JJHz);C-3,b94.16(q,'J 
38 Hz); C-4.6 104.30 (9, 'J2 Hz); C-5; 6 145.24; 19FNMR (CDCI'): 6 
20.38 (s, 3F, CF3). 




