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Abstract—Perfluoroalkenyl ketones, obtained by reaction of perfluoroorganometallic reagents with acylsilanes, are shown to be
versatile dienophiles in Diels–Alder reactions with various dienes. © 2002 Elsevier Science Ltd. All rights reserved.

Fluorine substituents in organic compounds signifi-
cantly change the physico-chemical properties, the
chemical reactivity and the biological activity of partic-
ular molecules.1,2 There are two contributions to the
effect of a single fluorine at a double bond, the strong
electron withdrawing effect on the �-orbitals (−I�
effect) and the p-�-interaction, which increases �-elec-
tron density (+M effect) (PE spectroscopy).3 Generally,
the latter effect is dominating. However, in many cases
it is not easy to predict the electronic behavior of a
given double bond, because its properties are also
affected by other substituents attached directly to the

double bond or close to it. Simple vinyl fluorides such
as �- or �-fluorostyrenes are quite unreactive in [4+2]-
cycloadditions and only with the super diene,
diphenylisobenzofuran, the corresponding endo/exo-
isomeric Diels–Alder adducts were formed in moderate
yields.4 Additional electron withdrawing substituents
attached to the double bond increase the reactivity of
vinyl fluorides in these reactions. Consequently, several
[4+2]-cycloadditions of 2-fluoroacroleins, fluorinated
�,�-unsaturated carboxylic acid derivatives, fluorinated
vinyl sulfones and vinyl sulfoxides have been
described.5–7 Mostly exo-products have been formed

Scheme 1.
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from cyclopentadiene or furan and monofluorinated or
cis-1,2-difluorinated vinylic compounds. Recently, we
observed diastereoselective Diels–Alder reactions of 2-
fluoroalk-1-en-3-ones with cyclopentadiene.8 A second
fluorine substituent attached to the double bond seems
to increase the reactivity of the corresponding alkenes
in Diels–Alder reactions. Several reactions of cyclopen-
tadiene with enol-derivatives of difluoroacetaldehyde,9

of furan with perfluoropropene or a corresponding
sulfonylfluoride,10 and of trifluoroethylene with several
substituted furans have been published recently.11 Fluo-
rinated vinylic systems, such as hemifluorinated enones,
bearing two activating groups at the double bond,
should be excellent dienophiles. Hemifluorinated
enones were first prepared from perfluoroalkyl iodides
via a perfluoroalken-1-yl magnesium bromide,12 and
then organo copper reagents.13 Some years ago, we
reported a general and high yielding synthesis of hemi-
fluorinated enones from acylsilanes and perfluoroalkyl

iodides (Scheme 1).14 These perfluorinated enones
proved to be versatile building blocks, either as isolated
starting substrates or generated in situ, for the synthesis
of elaborated fluorinated derivatives.15

Using our procedure, we have prepared various
(aliphatic, aromatic, sugar derived) hemifluorinated
enones 1a–1e (Scheme 1) in order to investigate their
reactivity as dienophiles in Diels–Alder reactions. In
this preliminary account, we report the results of an
exploratory study with some representative cyclic and
acyclic dienes.

A toluene solution of enone 1a and cyclopentadiene
was heated at 155°C in a sealed tube. Total conversion
was observed within 90 min, confirming the better
reactivity of this type of vinyl fluorides, activated by a
perfluoroalkyl group and an acyl group compared to
�-fluoro-�,�-unsaturated ketones.8 This cycloaddition is
stereoselective, giving 2a as a 89/11 mixture of
diastereomers (Scheme 2) which were separated by sil-
ica gel chromatography.

Compound 2a was fully characterized,16 and the stereo-
chemistry of the diastereoisomers was assigned accord-
ing to NOE measurements (Scheme 3).

The major isomer proved to have the endo configura-
tion (concerning the acyl group), in contrast to the
cycloadducts of monofluorinated analogues8 with
cyclopentadiene. Under the same conditions, enones
1a–1e gave with cyclopentadiene similar results, with
stereoselectivity ranging from 82/18 to 89/11 in favor of
the endo isomer (Table 1).

The comparison of the 19F NMR spectra of compounds
2b–2e with the corresponding spectrum of 2a allowed
unambiguously to confirm that the endo-diastereoiso-
mer is the major product in each case. Furthermore, a
comparison of the 19F NMR spectrum of the cycload-
duct 2c with a similar norbornene derivative described
in the literature17 corroborates these assignments.

Furan proved to be unreactive under similar conditions.
In contrast, the highly reactive diphenyl isobenzofuran
reacted with enone 1a to give a high yield (88%) of a
50/50 non-separable endo/exo mixture of cycloadducts
3a in a very slow reaction (8 days for total conversion)
(Scheme 4).

Four days were needed to complete the reactions of
2,3-dimethylbutadiene with the hemifluorinated enones

Scheme 2.

Scheme 3.

Table 1. Synthesis of cycloadducts 2a–e

t (min) Yield (%)Compound Ratio endo :exo

90 752a 89:11a

8490 82:18b2b
90 83:17b762c
902d 78 89:11b

2e 180 89:11b75

a The two diastereoisomers were separated by silica gel flash chro-
matography (P.E./EtOAc:99/1).

b Unseparable mixture.

Scheme 4.
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Scheme 5.

1a, 1b and 1d, giving good isolated yields of the corre-
sponding cyclohexene derivatives 4a, 4b and 4d. On the
other hand, reaction of 1a and 1b with isoprene gave 5a
and 5b, respectively, as a mixture of regioisomers,
whose structures were attributed according to the
NMR spectra (Scheme 5).18 The major compound is the
one expected from a ‘normal’ enone, but the low
regioselectivity probably results from the counter effect
of the �-perfluoroalkyl substituent.

The structure of the acyl moiety has no influence on the
dienophilic properties of these hemifluorinated enones,
neither from the kinetic nor from the stereoselectivity
point of view. Furthermore, we explored the reactivity
of hemifluorinated enones with furan, and attempted to
modify the regioselectivity of the cycloaddition with
isoprene, using Lewis acid (TiCl4 or BF3·Et2O) as acti-
vator. In each case, the experiments were unsuccessful:
no reaction occurred at low temperature whereas total
decomposition was observed at room temperature.

In summary, the presented results disclose the unprece-
dented application of hemifluorinated enones in [4+2]
cycloadditions, giving new cyclic or bicyclic fluorinated
compounds of potential synthetic interest. Extension of
the scope of these reactions as well as synthetic applica-
tions will be reported in due course.

Acknowledgements

We are grateful to the M.E.N.E.S.R. and the DFG for
PhD fellowships (F.C. and M.E.), to the Graduate
College ‘Highly Reactive Multiple Bond Systems’ for
financial support, and to the ATOFINA Company for
the generous gift of perfluoroalkyl iodides.

References

1. (a) Wilkinson, J. A. Chem. Rev. 1992, 92, 505–519; (b)
Liebman, J. F.; Greenberg, A.; Dolbier, W. R. Fluorine-
containing Molecules. Structure, Reactivity, Synthesis, and
Applications ; VCH Publishers: New York, 1988; (c)
Organofluorine Chemistry: Principles and Commercial
Applications ; Banks, R. E.; Smart, B. E.; Tatlow, J. C.,
Eds.; Plenum Press: New York, 1994; (d) Hiyama, T.

Organofluorine Compounds. Chemistry and Applications ;
Springer: Berlin, 2000.

2. (a) Welch, J. T. Tetrahedron 1987, 43, 3123–3197; (b)
Welch, J. T.; Eswarakrishnan, S. Fluorine in Bioorganic
Chemistry ; Wiley: New York, 1991; (c) Resnati, G. Tet-
rahedron 1993, 49, 9385–9445; (d) Organofluorine Com-
pounds in Medicinal Chemistry and Biomedical
Applications ; Filler, R.; Kobayashi, Y.; Yagupolski, L.
M., Eds.; Elsevier: Amsterdam, 1993; (e) Biomedical
Frontiers of Fluorine Chemistry ; Ojima, I.; McCarthy, J.
R.; Welch, J. T. Eds.; ACS Symposium Series 639, Wash-
ington DC, 1996; (f) Asymmetric Fluoroorganic Chem-
istry. Synthesis, Applications, and Future Directions ;
Ramachandran, P. V., Ed.; ACS Symposium Series 746;
American Chemical Society: Washington, DC, 2000.

3. Chambers, R. D.; Vaughan, J. F. S. Top. Curr. Chem.
1997, 192, 1–38 and references cited therein.

4. (a) Ernet, T.; Haufe, G. Tetrahedron Lett. 1996, 37,
7251–7252; (b) Ernet, T.; Maulitz, A. H.; Würthwein,
E.-U.; Haufe, G. J. Chem. Soc., Perkin Trans. 1 2001,
1929–1938.

5. (a) Percy, J. M. Top. Curr. Chem. 1997, 193, 131–195; (b)
Rock, M. H. In Methods of Organic Chemistry (Houben-
Weyl); Baasner, B.; Hagemann, H.; Tatlow, J. C., Eds.;
Thieme-Verlag: Stuttgart, 1999; Vol. E10b/1, pp. 513–
515.

6. (a) De Tollenaere, C.; Ghosez, L. Tetrahedron 1997, 53,
17127–17138; (b) Ito, H.; Saito, A.; Taguchi, T. Tetra-
hedron: Asymmetry 1998, 9, 1979–1987 and 1989–1994;
(c) Ito, H.; Saito, A.; Kakuuchi, A.; Taguchi, T. Tetra-
hedron 1999, 55, 12741–12750; (d) Sridhar, M.; Krishna,
K. L.; Rao, J. M. Tetrahedron 2000, 56, 3539–3545.

7. (a) Jeong, I. H.; Kim, Y. S.; Cho, K. Y. Bull. Korean
Chem. Soc. 1990, 11, 178–179; (b) Iwaoka, T.; Katagari,
N.; Sato, M.; Kaneko, C. Chem. Pharm. Bull. 1992, 40,
2319–2324; (c) Bogachev, A. A.; Kobrina, L. S.; Meyer,
O. G. J.; Haufe, G. J. Fluorine Chem. 1999, 97, 135–143;
(d) Essers, M.; Haufe, G. Tetrahedron Lett. 2001, 42,
5429–5433.

8. Essers, M.; Ernet, T.; Haufe, G., in preparation.
9. (a) Percy, J. M.; Rock, M. H. Tetrahedron Lett. 1992, 33,

6177–6180; (b) Crowley, P. J.; Percy, J. M.; Stansfield, K.
Tetrahedron Lett. 1996, 37, 8233–8236 and 8237–8240.

10. Al’bekov, V. A.; Benda, A. F.; Gontar, A. F.; Sokol’skii,
G. A.; Knunyants, I. L. Izv. Akad. Nauk SSSR, Ser.
Khim. 1988, 897–900; Chem. Abstr. 1988, 109, 128739j.

11. Chambers, R. D.; Gilbert, A. F.; Powell, R. L. J. Fluorine
Chem. 2000, 104, 233–237.



F. Chanteau et al. / Tetrahedron Letters 43 (2002) 1677–16801680

12. Moreau, P.; Redwane, N.; Commeyras, A. Bull. Soc.
Chim. Fr. 1984, 117–123.

13. Burton, D. J.; Hansen, S. W. J. Am. Chem. Soc. 1986,
108, 4229–4230.

14. (a) Portella, C.; Dondy, B. Tetrahedron Lett. 1991, 32,
83–86; (b) Dondy, B.; Portella, C. J. Org. Chem. 1993,
58, 6671–6674.

15. Bouillon, J.-P.; Didier, B.; Dondy, B.; Doussot, P.;
Plantier-Royon, R.; Portella, C. Eur. J. Org. Chem. 2001,
187–192.

16. Compound endo-2a: 1H NMR (CDCl3, 400 MHz) � 1.96
(m, 1H, H7), 2.56 (dm, 1H, J=11.9 Hz, H7�), 3.17 (m,
1H, H4), 3.29 (m, 1H, H1), 6.23 (m, 1H, H5), 6.28 (m,
1H, H6); 13C NMR (CDCl3, 100 MHz) � 46.2 (C7), 48.6
(d, J=22.1 Hz, C4), 50.7 (d, J=20.9 Hz, C1), 134.0 (m,
C5), 136.6 (m, C6), 195.2 (dd, J=28.9 Hz, J=4.5 Hz,
C�O); 19F NMR (CDCl3, 376 MHz) � −159.6 (ddt, 1F,

J=13.3 Hz, J=7.6 Hz, Fendo), −162.1 (d, 1F, J=5.7 Hz,
Fexo). Compound exo-2a: 1H NMR (CDCl3, 400 MHz) �

1.84 (m, 1H, H7), 2.25 (m, 1H, H7�), 3.18 (m, 1H, H4),
3.40 (m, 1H, H1), 6.13 (m, 1H, H5), 6.53 (m, 1H, H6);
13C NMR (CDCl3, 100 MHz) � 44.5 (C7), 48.6 (d,
J=20.9 Hz, C4), 52.1 (d, J=22.1 Hz, C1), 131.8 (m, C5),
137.1 (m, C6), 195.0 (dd, J=29.0 Hz, J=4.4 Hz, C�O);
19F NMR (CDCl3, 376 MHz) � −159.0 (dd, 1F, J=26.7
Hz, J=22.9 Hz, Fexo), −162.9 (m, 1F, Fendo).

17. Bursics, A. R. L.; Bursics-Szekeres, E.; Murray, M.;
Stone, F. G. A. J. Fluorine Chem. 1976, 7, 619–630.

18. For 5a, major regioisomer, �CF3=−79.8 ppm, d, J=13.3
Hz. For 5b, minor regioisomer, �CF3=−79.9 ppm, d,
J=13.3 Hz. The assignment of the structure of the
regioisomers was established after aromatization and
NOE measurements on the aromatic derivatives. The
details will be reported in a forthcoming full paper.


	Dienophilic reactivity of perfluoroalkenyl ketones in DielsAlder reactions
	Acknowledgements
	References


