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Abstract: The CF,-containing reagent 2 has been conveniently prepared using CF,Br, as the readily
accessible starting material. The fluoride-mediated nucleophilic reactivity of 2 towards aromatic
aldehydes has been demonstrated. Copyright © 1996 Elsevier Science Ltd

The incorporation of a difluoromethylene (CF,) unit into substances for a diversity of biological
applications is an important area of current organofluorine chemistry.l Recent work in this field has led to
the discovery of a wide range of biologically interesting compounds such as the antitumor nucleoside
Gemcitabine,” inhibitors’ of renin, pepsin, elastase, HIV-1 protease, Interleukin-1p converting enzyme, and
various a,a-difluoroalkyiphosphanate-based mimics of natural phosphates.4 A well-tried approach for the
introduction of a CF, group involves the transformation of a ketonic carbony! group or its equivalent using
fluorinating agents such as DAST.” However, the practical applicability of this approach is often limited by
the requirement to deploy a carbonyl group in the strategic position of a suitably protected precursor as
well as by the hazardous and reactive nature of most fluorinating agents. An attractive alternative approach
is to make use of easily accessible CF,-containing building-blocks, e.g., BrCF,CO,R, in the de novo
construction of the target molecules. In this regard, the development of readily accessible and synthetically
versatile CF,-containing building blocks would be highly desirable. Encouraged by the synthetic success of
some 1,3-bifunctional conjunctive reagents like 1 which possess both electrophilic and nucleophilic
centers,® we have focused our efforts on the preparation of a fluorinated analog of these useful reagents.
Herein, we present some preliminary results concerned with the preparation of the novel CF,-containing
reagent 2 and its fluoride-mediated nucleophilic addition to aldehydes.

1
2 ,RgM =TMS, Y = OAc

Although several methods are available for the preparation of the nonfluorinated counterpart7 of 2, the
adaptation of these methods to the synthesis of the fluorinated reagent 2 was found to be not easy. In an
attempt to prepare 2 using the metallation protocol developed for the preparation of the fluorine-free
reagent,73 the fluorinated methally] alcohol® 3 was treated with butyllithium and TMEDA in THF at low
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temperature. However, after quenching the reaction mixture with chlorotrimethylsilane, the only product
that could be isolated from a complex mixture was the cyclopropene dimer 8, which was believed to result
from the elimination of lithium fluoride from the initially formed allyllithium intermediate 4.° Previously,
Seyferth has reported that simple gem-difluoroallyllithium was rather unstable even at low temperature.w
As such, it can be concluded that the stability of 4 could not be significantly improved by the chelating

effect exerted by the neighboring alkoxy group.
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After some further unsuccessful attempts, a convenient route was finally developed. It featured a
formal alkylation reaction of a malonate anion with the readily accessible CF,Br, (Scheme 2).” Thus,
according to the procedure described by Purrington,llh the mixed malonate ester 9, prepared by alkylation
of t-butyl ethyl malonate with chloromethyltrimethylsilane, was treated succesively with sodium hydride
and CF,Br, to afford product 10. The latter was directly subjected to decarboxylative-halide elimination''

to provide the difluoroacrylate 11 in 80% yieldAlz‘ B

Although previous reduction of a B,B-difluoroacrylate
with DIBAL has been complicated by the concomitant 1.2- and 1,4-reductions®, the reaction of 11 with the
same reagent'* proceeded admirably to the level of 1,2-reduction presumably due to the presence of the
trimethylsily]l group in the allylic position. Subsequent acetylation of the resulting alcohol provided the
desired fluorinated reagent 2 in 76% yield. The overall sequence required no chromatography for product

separation and thus allowed a large scale preparation of the reagent 2.
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The synthetic potential of 2 as a CF,-containing bifunctional synthon has been briefly explored.
Considering the successful cycloaddition chemistry of the corresponding fluorine-free reagent,* our initial
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effort was focused on the palladium catalyzed [3 + 2] reactions of 2 with Michael acceptors or aldehydes.

Unfortunately, some exploratory experiments revealed a lack of reactivity for 2 in these reactions due to

the presence of two fluorine atoms. The nucleophilic reactivity of 2 towards carbonyl compounds was next

examined. Gratifyingly, it was found that 2 could be successfully used as an allylation reagent in its

fluoride-mediated reactions with aromatic aldehydes'” (Scheme 3). The results were summarized in the

Table.

Scheme 3
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Table. Reaction of the CF,-containing reagent 2 with aromatic aldehydesa

entry aldehyde product® yield, %
OH
HO
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7 General procedure: At 0 °C, a solution of TBAF in THF (1.0 M, 1.0 mL) was added to a stirred
mixture of 2 (1.0 mmol), the aldehyde (2.0 mmol) and 4 A molecular sieve in DMSO (5 mL). The
reaction was quenched with water after 30 min and the product was isolated by flash chromatography
on silica gel. © All products were characterized by 'H- and "’F-NMR, MS and elemental analyses.

As can be scen from the Table, all products thus obtained were the ones in which the new carbon-
carbon bond had been formed at the CF, terminus of the reagent. These multifunctional compounds are
anticipated to be capable of further synthetic manipulations, among which the palladium-catalyzed
intramolecular cyclization of 12e to give the difluorinated tetrahydrofuran 13 has been demonstrated in

Scheme 4.
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Scheme 4
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In conclusion, we have developed a convenient preparation of a novel CF,-containing bifunctional

reagent and briefly demonstrated its synthetic utility. Work continues in further exploring the use of 2 and

related reagents in the construction of various functionalized CF,-containing compounds.

Acknowledgment. This work was supported by grants from the National Natural Science Foundation of China and
Shanghai Municipal Scientific Committee.

References and notes

1.

10.
1.

For recent reviews: see (a) Uneyama, K. J. Synth. Org. Jpn. 1993, 51, 232. (b) Percy, J. M. Contemp. Org.
Synth. 1995, 251.

Chou, T. S.; Heath, P. C.; Patterson, L. E.; Poteet, L. M.; Lakin, R. E.; Hunt, A. H. Synthesis 1992, 565.
Schirlin, D.; Baltzer, S.; Altenburger, J. M.; Tarnus, C.; Remy, J. M. Tetrahedron 1996, 52, 305 and references
cited therein

Berkowitz, D. B.; Sloss, D. G. J. Org. Chem. 1995, 60, 7047 and references cited therein.

Middleton, W. J. J. Org. Chem. 1975, 40, 574. (b) Hudlicky, M. Org. React. 1988, 35, 513.

For illustrative examples, see: (a) Trost, B. M. Angew. Chem., Int. Ed. Engl. 1986, 25, 1. (b) D’Aniello, F;
Mattii, D.; Taddei, M. Synletz. 1993, 119. (¢) Oriyama, T.; Ishikawa, A.; Sano, T.; Matsuda, T.; Takahashi, M.;
Koga, G. Tetrahedron Lett. 1995, 36, 5581. (d) van der Baan, J. T. van der Heide, T. A. J.; van der Louw, J;
Klumpp, G. W. Synlett. 1995, 1. (¢) Molander, G. A.; Eastwood, P. R. J. Org. Chem. 1995, 60, 4559. (f) Okada,
K.; Matsumoto, K.; Oshima, K.; Utimoto, K. Tetrahedron Lett. 1995, 36, 8067. (g) Jung, M. E.; Cho, Y. M;;
Jung, Y. H. Tetrahedron Lett. 1996, 37, 3.

(a) Trost, B. M.; Chan, D. M. T.; Nanninga, T. N. Org. Synth. 1984, 62, 58. (b) Trost, B. M.; Buch, M_; Miller,
M. L. J Org. Chem. 1988, 53, 4887. (c) Gilbert, A.; Max, M. Synthesis 1989, 687. (d) Knapp, S.; O’Connor, U.;
Mobilio, D. Tetrahedron Lett. 1980, 21, 4557. (e) Trost, B. M.; Chan, D. M. T. J Am. Chem. Soc. 1983, /05,
2326.

McDonald, I. A.; Lacoste, J. M.; Bey, P.; Palfreyman, M. G.; Zreika, M. J. Med. Chem. 1985, 28, 186.

The base-induced dehydrohalogenation of allyl halides has been used for the preparation of cyclopropenes.
Baird, M. S. Top. Curr. Chem. 1988, 144, 137.

Seyferth, D.; Simon, R. M.; Sepelak, D. J.; Klein, H. A. J. Am. Chem. Soc. 1983, 105, 4634.

(a) Bey, P.; Vevert, J. P. Tetrahedron Lett. 1978, 1215. (b) Everett, T. S.; Purrington, S. T.; Bumgardner, C. L.
J. Org. Chem. 1984, 49, 3702.

. An analogous sequence has been adopted by Sakurai er al for the preparation of the fluorine-free equivalent of

11 with use of CH,Br, in place of CF,Br,. Hosomi, A.; Hashimoto, H.; Sakurai, H. Tetrahedron Lett. 1980, 21,
951.
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. Interstingly, when the reduction of 11 was performed with LiAlH,, only the monofluorinated compound (Z)-

CFH=C(CH,TMS)CH,OH was obtained via a 1,4-reduction pathway.

. Aliphatic aldehydes were found to be unreactive under the same reaction conditions.
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