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The organic chemistry of fluorine and fluorine-contain-
ing molecules has become a rapidly developing field of
research.1 Fundamental studies dealing with the influ-
ence of fluorine on structure and reactivity of organic
molecules have proved to be very interesting. However,
the major reason for this rapid expansion lies in the
modification of biological activity induced by substitution
of a hydrogen or a hydroxy group by fluorine (fluoro-
bioorganic chemistry).2 Thus, the stereo- and enantio-
controlled synthesis of fluoroorganic compounds has
become a particularly important field of research. Many
approaches have been studied, and new efficient reagents
allowing either electrophilic or nucleophilic fluorination
have been described.1,3 However, it is important to point
out that very few examples of chiral, nonracemic, mol-
ecules with a fluorine atom in the allylic position have
been described until now.4 Furthermore, to the best of
our knowledge, there have been no reports of efficient
methods for the synthesis of such fluoro derivatives.
Among the fluorinating agents (diethylamino)sulfur tri-
fluoride (DAST) is one of the most efficient for the
transformation of a C-OH bond into a C-F bond5 but,
in the case of allylic alcohols, the reaction is usually
neither regioselective6 (allylic transposition occurring)
nor stereoselective.7 Important exceptions have been
reported in the vitamin D area8 and in sugar chemistry9

for instance, where anchimeric assistance produced an
overall retention of configuration. These observations led
us to consider the possible use of transition metal
complex chemistry in this fluorination method. In this
context, the organoiron complexes10 appeared particularly
attractive for two major reasons. Firstly, as a powerful
temporary protective group for a diene unit, the Fe(CO)3
group was expected to exclude any allylic transposition
and secondly this group, like other transition metal
complexes, is known not only to assist the nucleofuge
departure11 but also to induce stereoselectivity during the
capture of the nucleophile especially if the in situmethod
is used (Scheme 1).12
We herein demonstrate the usefulness of this new

approach and describe the first examples of enantiocon-
trolled synthesis of functionalized dienes with a fluorine,
on a secondary or a tertiary allylic carbon atom. The
alcohols 1a and 3a were chosen as models since they are
readily prepared even in optically pure form.13 The
reaction of the Ψ-exo derivative 1a with DAST gave
fluoride 2a in good yield with complete diastereoselec-
tivity (NMR control).14 This reaction occurs with overall
retention of configuration, as unambiguously established
by X-ray crystallographic analysis of 2a (Figure 1).15
Under the same conditions the Ψ-endo isomer 3a reacted
with DAST to give a 96:4 ratio14 of 4a and 2a; the fluorine
derivative 4a was easily isolated in diastereomerically
pure form by flash chromatography (SiO2) (Scheme 2).
The decomplexation of 2a or 4a, using Me3NO, gave

the corresponding chiral dienes (+)-5 and (-)-5. The
optical purity of these derivatives (ee g 90%) was
established by 1H and 19F high field NMR using Eu(hfc)3
as the chiral shift reagent. The organometallic complex
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must play a key role in this stereoselectivity since under
the same conditions, the optically pure dienol (-)-613 also
gave the fluoride 5 but with complete racemization
(Scheme 3).
Preliminary results16 indicate that this methodology

can be extended to more functionalized derivatives. Both
the propargylic 1b and the allylic system 1c reacted with
DAST to give, with complete stereocontrol, the corre-
sponding fluorides 2b and 2c. For the Ψ-endo isomers
3b and 3c, the size of the R group appears to be
important since the ratios of retention versus inversion
drop to 75:25 for 3b and 65:35 for 3c.
Versatile methods for the synthesis of tertiary alky-

lfluorides have yet to be developed,17 especially for the
preparation of optically active compounds. Our prelimi-
nary results indicate that this new methodology can be
extended to the challenging problem of allylic tertiary

fluorides. The optically pure methyl ketone 7, easily
obtained by oxidation of 1a or 3a,18 reacted with n-
butyllithium to give stereoselectively tertiary alcohol 8.
Reaction of 8with DAST produced a 80:20 mixture (NMR
control)14 of 9 and 10. Complex 9 was easily separated
by crystallization (55% yield) and its stereochemistry
(overall retention) attributed by analogy with preceeding
results. Decomplexation of 9 gave the desired tertiary
fluoride 11, whose optical purity (ee g 90%) was again
established by 1H and 19F NMR in the presence of Eu-
(hfc)3 (Scheme 4).
Additional studies will be necessary in order to fully

understand the mechanism of these reactions and their
stereoselectivities. However, it is important to point out
that reaction of the corresponding, isolated, cation (ob-
tained from 1a as the BF4 salt)19 with nBu4NF gave only
a very complex mixture which does not contain the
fluorides 2 or 4. This could be correlated with results
obtained in the case of cyclohexadienyl cations complexed
to Fe(CO)3, where the intermediate adducts are labile and
decompose in situ.20

In conclusion, this new approach to fluorine allylic
compounds is a further confirmation of the potentialities
for organoiron complexes in synthesis. The methodology
described herein should allow the stereo- and enantio-
controlled synthesis of fluoro analogs of polyunsaturated
natural products, such as leukotrienes as well as provide
the opportunity of studying the influence of the allylic
C-F bond on the diastereoselectivity of reactions on
vicinal double bonds. Furthermore, our preliminary
results indicate that this metallo-assistance strategy
could be extended to other organometallic complexes and
allow stereocontrolled synthesis of fluorides in benzylic
positions (via chromium derivatives) or in propargylic
positions (via cobalt complexes), for instance. Such
studies are under active investigation in our laboratory.
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