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ABSTRACT

A stable gem-difluoroallenylindium 1 is readily transformed to a potentially bifunctional electrophile 2, which can then undergo a transition-
metal-promoted isomerization−cross-coupling cascade to yield diene 3 and dienyne 4 in very high yields.

It is well-known that the physicochemical properties of
organic molecules can be greatly affected when one or more
hydrogen atoms are substituted with fluorine.1 In particular,
substitution of a methylene group with CF2 blocks its
metabolic oxidation and enhances the reactivity of a neigh-
boring functionality due to the strong electron withdrawing
character of fluorine.2 Despite progress achieved in the
syntheses of acyclicgem-difluorinated compounds,3 the
construction of rings containing a CF2 unit remains a
challenge.4 A convenient synthesis of CF2-containing cyclic,
bicyclic, or heterocyclic systems would facilitate the building

of libraries aimed at designing enzyme-activated irreversible
inhibitors and other biologically active species. During our
research on fluorinated synthons,5 it occurred to us that if a
vinyl CF2 group were to become an intrinsic component of
a substituted allene, diene, or dienyne such as2-4, the
resulting compounds would be ideally suited for the con-
struction of carbocycles, because of the existing wealth of
annulation and cycloaddition strategies.6 To our surprise, an
inspection of the pertinent literature revealed only one
practical7 synthesis of substituted 1,1-difluoro-1,3-dienes,8

other than dienol ethers.9 This method10 used a Pd-catalyzed
coupling reaction of 2,2-difluorovinylboranes with 1-alkenyl
halides and was applied exclusively ton- and sec-butyl
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boranes. In the case ofgem-difluoroallenes, Dolbier has
reported the only existing synthesis of R2CdCdCF2 (R )
Me, Ph).11 Our group’s recent discovery of a room-temper-
ature-stable, difluoroallenylsilane indium1 has allowed
access, for the first time, to densely functionalizedgem-
difluoroallenes.12 We now report an efficient synthesis of
1,1-difluoro-2-substituted-1,3-dienes3 and 1,1-difluoro-2-
ethylidene-1,3-enynes4 from homoallenylbromide2b using
palladium catalyzed, cross-coupling reactions.13

A solution of1sprepared by stirring TIPS-CtC-CF2Br
with indium in H2O/THF (80/20) at room temperatures
reacted with aqueous formaldehyde to give homoallenyl
alcohol2a in 59% yield (50 mmol scale). In addition to a
vinyl-CF2 group,2 boasts two bifunctional electrophilessa
vinyl silane and a potential leaving group in the 4-position.
Indeed,2 could be envisioned as a “CF2 diversity engine”
because allenes are excellent synthetic manifolds. The
palladium-mediated cross-coupling reaction of zinc reagents
with aryl or vinyl halides14 needed the conversion of the
hydroxyl in2a to its corresponding bromide2b, not a trivial
task when a vinylsilane is present, due to possible dehydra-
tion and concomitant enyne formation.15 The conversion of

2a to 2b was carried out in multigram scale, by treating2a
with MsCl-TEA at 0 °C,16 followed by nucleophilic
substitution with 1 equiv of LiBr in acetone at room
temperature (93% yield). When2b was treated with silver-
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Scheme 1. Synthetic Approach for the Construction of
CF2-Containing Cyclic Systemsa

a (i) HCHO(aq), ultrasound, r.t., 1d, 60%. (ii) TEA/MsCl, CH2Cl2,
0 °C; LiBr (1.0 equiv), acetone, 5 h, 93%.

Table 1. Pd-Catalyzed Cross-Coupling Reactions of2b

a Zn, DMF, Pd(PPh3)4, 5h, 60°C. b Yield using PhBr is 82%.c Pd2(dba)3/
PPh3, toluene, 2 M Na2CO3, 100 °C, 5-16 h.d Pd(PPh3)2Cl2, CuI, TEA,
THF, reflux 5 h.
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activated zinc in THFseven at refluxing temperaturessno
reaction was detected. However, substituting DMF as solvent
and keeping the reaction temperature at 60°C for 3 h had
the desired effect, as19F NMR analysis of the reaction
mixture signaled the disappearance of starting material and
the appearance of two new doublets atδ -75.9 ppm and
-83.8 ppm, to which we assigned structure3 (R′ ) ZnBr).
The formation of this intermediate could be explained by
assuming that allene2 (R ) ZnBr) was generated first but
it isomerized rapidly to the thermodynamically more stable
diene3 (R′ ) ZnBr). Aryl halide was then added to this
dienyl zinc, in the presence of Pd(PPh3)4, and the expected
coupling product3a-e was obtained in high yield (Table
1). Both bromo- and iodo-substituted benzenes can be
effectively used in the coupling reaction, although the yields
using the former are slightly lower. Notably, the zinc reagent
was inert toward the ketone group (see3c). A heterocyclic
iodide could also be used successfully (3e) but when
5-iodouracil was used, there was no reaction, perhaps due
to the acidity of the imide hydrogen. The Suzuki reaction
has an exceptional tolerance of functional groups and the
ability to couple sterically demanding substrates.17 We found
that refluxing2b with aryl boronic acids in toluene under
palladium catalysis led to the preparation of aryl-substituted
1,3-difluorodienes, also in very satisfactory yields (3a, 3f-
i).

The lower yield observed with3i is due to the formation
of the biphenyl analogue (11%), resulting from an additional
coupling of 3i with the boronic acid. One of the most
straightforward methods for the preparation of conjugated
enynes is the Sonogashira reaction.18 We had hoped that2b
could also be employed in the synthesis of vinyl CF2-
substituted enynes,19 and were very pleased to find that its
reaction with terminal alkynes resulted in almost quantitative
yields of4a-c. The readily available starting materials and
high efficiency of these methodologies should find utility in
organic synthesis. Further transformations of2 are under
study.
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