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Abstract

Readily-available 1,1,1,2-tetrafluoroethane (Klea HFC-134a) can be converted, via a two-pot sequence into
a range ofZ-�-fluoroalkenoyl derivatives following addition reactions to aldehydes. Reaction adducts can be
processed into enals and enones upon hydride reduction or Grignard reagent addition in high yield. © 2000 Elsevier
Science Ltd. All rights reserved.

Though they have little use directly as bioactive substances,Z-fluoroalkenoic acid derivatives have ser-
ved as precursors to a range of interesting species such as fluoroanalogues of retinals.1 Reduction affords
valuable fluoroallylic alcohols which can be transformed via rearrangement2 into fluoroapionucleosides3

and peptide isosteres.4 While a range of routes are available for the fluoroalkenoates, the one reported
by Allmendinger is perhaps best known.5 We were prompted to report our findings in this area by the
appearance of a recent paper by Lequeux and co-workers6 which described a novel synthesis of the
target compounds (esters) from a derivative of thioacetic acid. In this paper, we wish to report access to
related species from the new refridgerant and building block7 1,1,1,2-tetrafluoroethane (Klea HFC-134a)
1 which is available on a large scale. The groundwork was performed by Normant and co-workers, though
the details and scope were neither explored fully nor applied extensively. Lithiotrifluoroethene was
generated by direct deprotonation of trifluoroethylene at�135°C.8 Trapping the alkenyllithium reagent
with aldehydes and ketones, and subsequent hydrolysis afforded the reactive alkenoyl fluorides which
could be hydrolysed or trapped with ethanol or diethylamine. The Gilman reagent dimethyllithiocuprate
was also reported to intercept an acid fluoride cleanly at�80°C though this method does not appear to
have been used since.

In an extension of our recent exploration of a route to�-fluoroenones,9 we re-examined the Normant
chemistry and now wish to report that a complementary range of derivatives with useful properties can
indeed be prepared directly in two pots. Dehydrofluorination/metallation of HFC-134a occurred upon
treatment withn-butyllithium in THF10 and we prepared adducts with typical electrophiles, benzaldehyde
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and cinnamaldehyde. Hydrolysis with aqueous sulfuric acid followed by extractive work up afforded
crude acid fluorides which were reacted further (Scheme 1), without characterisation or purification, with
nucleophiles. Given the size of the3JH–F coupling (typically >30 Hz), the alkene configuration seemed
uncontroversial.

Scheme 1.

Adduct yields were effectively independent of the added nucleophile suggesting that the yield limiting
factor is the stability of the intermediate acid fluoride; we continue to attempt to improve this aspect of
the procedure in view of the high hydrolysis yields claimed in the original literature.8

Weinreb amides3b and3d are of particular value given the transformations described in Scheme 2.
Enones4a–4cand enal4d11 were prepared in excellent yield upon treatment of3bwith Grignard reagents
or DIBAl-H, respectively.12 Inexpensive thioesters are known to be of value, coupling with alkylzinc
halides in a mild palladium-catalysed synthesis of ketones,13 so the good yield of3ewas satisfying.

Scheme 2. Reactions of Weinreb amide3b with nucleophiles in THF. For4a, EtMgI (4.0 equiv.), rt, (82%);4b, PhMgBr (3.0
equiv.), 0°C, (90%);4c, H2C_CHCH2MgBr (3.0 equiv.), rt, (77%);4d, DIBAl-H (2.0 equiv.), 0°C, (80%). All reactions were
run for 2 hours

Thioesters of this type can obviously be prepared from the corresponding acids, or via the route from
fluoroacetonitrile described by Pirrung14 which, while offering solutions to some special problems, is
relatively long and uses some hazardous reagents (HMPA, CS2, MeI, mercury(II) salts).

Given the generality of our recent route to�-fluoroenones,9 we believe that the hydrolysis can be
made to proceed smoothly given the correct selection of reaction conditions, allowing a wide range of
aldehydes to be deployed in the synthesis. A general retrosynthetic route to�-fluoroenones and enals
then becomes available, complementing existing routes and allowing an attractive starting material to be
used in a unifying strategy, implemented in a most concise (two- or three-pot) sequence.
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