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Abstract: The title rearrangement is shown to proceed at ca. 100 °C to afford the y,6-unsaturated

perfluoroalky! ketones. The stereochemistry of the Wirtig and Claisen processes and the effect of the
Rf-group in the Claisen process are discussed.

Fluorine as a substituent can significantly affect the reactivity of molecular systems and hence often permits
the reactions that cannot be underwent by the non-fluorinated counterparts.] Among such reactions is the
Wittig olefination reaction of esters of perfluorinated carboxylic acids which affords the perfluoroalkyl (Rf)-
substituted enol ethers.2»3 An interest in the synthetic utility of the novel olefination process, coupled with our
continuing interest in applications of the Claisen rearrangement in organofluorine synthesis,4 prompted us to
investigate the Claisen rearrangement of the Rf-substituted enol ethers 2 derived from allyl F-alkanoates 1
(Scheme 1).5 This Claisen variant is of synthetic and mechanistic interest, since it might provide not only a
new synthetic method for perfluoroalkyl ketones of current interest,6 but also valuable information concerning
the effect of Rf-substitution on the Claisen rearrangement in general.4.7 Described herein are the realization of

the Wittig- Claisen sequence and the interesting aspects thereof.
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a, Rj= CF3: b, Rf= C,F;

As a preliminary experiment, we first attempted the Wittig olefination of la (Rf=CF3, R1=CH3)8 with 3
equiv. of the n-butylphosphonium bromide in refluxing benzene according to our "salt-free” procedure [NaNH2
(3 equiv.), (Me3Si)2NH (0.1 e:quiv.)].2a However, the major product thus obtained was neither 2a nor 3a,
but a stereoisomeric mixture of the 1,5-diene 4a (R2=n-Pr) in 58% yield.9 Likewise, the reaction of la with
benzylphosphonium bromide gave a stereosiomeric mixture of the corresponding 1,5-diene (42,R2=Ph) in 72%
yield. Since the 1,5-dienes arise apparently from a further Wittig olefination of the Claisen product 3 once
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Table 1. The Wittig Olefination of Esters 1 and the Claisen Rearrangement of Enol Ethers 2.9
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Ester 1 Enol ether 20 Ketone 3P
(Foyield) (%yield)
CF3 CFy CFg4
Ph
o’go o’\/\ o
k//'\ K/\ Ph A
1a 2a (65%) 3a (quant.)

t 12 = 73.9 min (70 °C)
AH = 17.4 kcal/mol
AS =-5.5 cal/mol-K

CF,CF, CF,CF4 CF,CFs
o Yo o’L\/\ o Ph
‘\'/\ '\/\ Ph X

1ib 2b (59%) 3b (quant.)

t1/2 =75.3 min (70 °C)
AH = 14.5 kealfmol
AS =-1.02 cal/mol-K

@ The olefinations were run by the procedure described in the text and the rearrangements
were carried out under reflux in toluene. Interestingly, the olefination of 1b was much
faster than that of 1a (2 hr vs. 24 hr). Y For 1H and 19F NMR daza, see refs. 11 and 12.

In summary, we have shown that the Wittig olefination of allyl perfluoroalkanoates followed by the Claisen
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Prepared in ca. 80% yield by reaction of (E)-crotyl alcohol with the F-carboxylic anhydride: I9F NMR
(CDCI13,CFCl13), -75 ppm (s) for 1a ; -84 (t) and -122 ppm (q) for 1b.

The 19F and 1H NMR spectral data of these 1,5-dienes are in accord with the assigned structures.

The details will be described in a full paper.

For instance, when both the ylide generation and the olefination were carried out in THF at room
temperature, the yield of 2a was only 38% in the case of R2=CH2CH2Ph or a mixture of 2a, 3a,

and 4a resulted in the case of R2=Ph.

The 1H and 1I9NMR spectra of 2a and 2b (R2=CH2CH2Ph) showed a single set of peaks, suggesting
that the enol ethers thus obtained are geometrically pure. 2a:19F NMR (CDCl3, CFCI3), -70 ppm (s); 1
NMR (CDCl3, TMS), 8 1.70 (d, 3H), 2.4-2.8 (m, 4H), 4.15 (d, 2H), 5.5-5.9 (m, 3H), 7.0-7.4 (m, 5H)
2b: 19F NMR, -84 (t, 3F) and -117 (g, 2F); !H NMR, 8 1.70 (d, 3H), 2.4-2.8 (m, 4H), 4.15

d, 2H),5.5-5.9 (m, 3H), 7.0-7.4 (m, 5H).

GLC analyses of 3a and 3b (R2=CH2CH2Ph) showed an essentially single peak and their 1H and 19F
NMR spectra also showed an essentially single set of signals, suggesting that the Claisen rearrangements
proceed with a high stereospecificity. 3a: I9F NMR (CDCI3, CFCI3), -80 ppm (s); 1H NMR (CDCl3,
TMS), 8 1.10 (d, 3H), 1.9-2.1 (m, 2H), 2.4-2.6 (m, 3H), 2.9-3.1 (m, 1H), 5.10 (d.d, 2H), 5.5-5.8
(m, 1H), 7.0-7.3 (m, 5H). 3b: 19F NMR, -82.6 (1, 3F) and -122.8 (g, 2F); JH NMR, & 1.10 (d, 3H),
1.9-2.1(m, 2H), 2.4-2.6 (m, 3H), 2.9-3.1 (m, 1H), 5.10 (d.d, 2H), 5.6-5.8 (m, 1H), 7.0-7.3 (m, 5H).
Review on the Claisen rearrangement: Ziegler, F. E. Chemn Rev. 1988, 88, 1423.

The kinetic experiments were made in CDCI3 solutions in the range of 50-70 °C by means of 19F NMR
spectroscopy.
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