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ABSTRACT: diasteroselective and enantioselective Ir-cata-
lyzed allylic substitutions of 1-substituted 1-fluoro-1-
(arenesulfonyl)methylene derivatives are presented, which
afford the fluorinated allyl products with two chirality centers.
The steric demand of 1-substituted 1-fluoro-1-(arenesulfonyl)-
methylene derivatives and allylic substrates has a great
influence on the dr values of these reactions. The transformation of the branched allyl product into the fluorinated 3,4-
dihydro-2H-pyrrole 1-oxide was discussed, as well.

The enantioselective introduction of a fluorinated methyl-
ene group into organic molecules could dramatically

enhance their physicochemical and biological properties;1 for
example, popular drugs2 such as clevudine,2a,b clofarabine,2c

fluticasone furoate,2d and difluprednate2e contain a chiral
carbon-fluorinated carbon fragment (Figure S1). A strategy
for the enantioselective incorporation of a fluorinated
methylene unit into organic molecules is by transition-metal-
catalyzed asymmetric allylic substitution of fluorinated
methylene derivatives.3 In this regard, fluorinated methylene
derivatives including fluorobisphenylsulfonylmethane4 and 2-
fluoromalonate5 were applied in Pd-6 or Ir7-catalyzed
asymmetric allylation reactions in which a chiral carbon-
fluorinated carbon center was formed. However, racemic
fluorinated methylene derivatives, which afford the allyl
products with two chiral centers, have been less investigated.
Notably, it is challenging to control the stereochemistry of this
type of reactions.8 In addition, the fluorinated allyl products are
of great importance for the synthesis of high value-adding
compounds.9 To the best of our knowledge, Ir-catalyzed allylic
substitution of racemic fluorinated methylene derivatives is
hardly reported. In this paper, we report Ir-catalyzed allylic
substitutions of 1-substituted 1-fluoro-1-(arenesulfonyl)-
methylene derivatives, which give the allyl products with two
chiral centers.
We started our investigation with a reaction of (E)-cinnamyl

methyl carbonate 1a with diverse racemic fluorinated
methylene derivatives in the presence of an iridacycle7a,d

made from [Ir(COD)Cl]2 and Feringa’s ligand L1 in DCM at
room temperature. After a series of experiments, we found that
methyl 2-fluoro-2-(phenylsulfonyl)acetate 2a gave the allylic
product 3a with increasing dr in comparison with ethyl 2-
fluoro-3-oxobutanoate 2e, which gave the corresponding allyl

product with no diasteroselectivity.8b As a result, 2a was
employed for further investigation. The nature of bases has a
considerable impact on the result of Ir-catalyzed allylic
substitution;7 the subsequent examination of bases such as
Cs2CO3, CsF, K2CO3, and K3PO4 revealed that K3PO4 gave
superior results, 85% yield with 99% ee, b/l 99/1, and dr 4.3/1
(Table 1, entry 4). The other bases provided somewhat lower
dr and yields (Table 1, entries 1−3). A solvent survey indicated
that the use of DCM offered the highest efficiency,
regioselectivity, and enantioselectivity but moderate diaster-
eoselectivity; the use of MeCN and THF gave lower dr and
yields but maintained excellent regio- and enantioselectivities
(entries 6 and 7). Toluene is not effective for this reaction
(entry 5). The other iridium species including [Ir(Cp*)Cl]2
and [Ir(dba)3] were also explored, and they are not able to
catalyze this reaction (entries 8 and 9). Next, a range of chiral
ligands including Feringa’s L1, L2, L3, and L4 were evaluated
(Figure 1). The use of L1 offered the best result (entry 3); L2,
with two bulky 2-naphthyl groups, gave rise to 3a in a
decreasing yield with high regio- and enantioselectivity but fair
diastereoselectivity (entry 4 vs entry 10). L3, with a less steric
phenyl ring, and L4, with a 2-methylpiperidinyl group, failed to
promote this reaction, presumably due to their mismatched
effect on this reaction (entries 11 and 12). Variation of the
reaction temperature has a considerable impact on the
efficiency and stereoselectivities of this reaction (entries 4, 13,
and 14).
Once we established that the iridacycle7a,d catalyzed the

diastereo- and enantioselective allylation efficiently, the scope
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