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Unlike the other halogens, the small size of fluorine, the
strong bond it forms with carbon, and its high electronega-
tivity make it an ideal substituent to produce compounds with
unique stereoelectronic and biological properties.!! In this
regard, gem-difluoromethylene-containing compounds have
been sought after because of their inhibition of HIV
protease,” and protein tyrosine phosphatase,’! together
with their ability to mimic phosphate, carbonyl®! and
retropeptide! units. In addition, the anomeric effects of
heteroatom substituents, such as o-fluorinated ethers, a-
fluorinated thioethers, and o-fluorinated amines, have
sparked a flurry of new applications.”! Overall, the signifi-
cance of the incorporation of fluorine in organic molecules
has spurred the development of novel synthetic strategies.”!
Despite these advances, a fundamental synthetic challenge
persists, namely, the Sy2 synthesis of RCF,Nu from RCF,X
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(Scheme 1a). Whereas potent methodologies exist for
Sg2-type electrophilic substitution using either difluoro-
methylene mono-! or dianion equivalents,"”! the shield-
ing of the carbon atom by the surrounding fluorine
atoms impedes substitution by a nucleophile (Nu),
except under exceptional circumstances."!! In some
cases, nucleophilic substitution has been shown to
proceed through a radical anion radical (Sgy1) process

triggered by single electron-transfer, rather than S\2
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Scheme 1. a) Sy2 and Sg2 reactions; b) nucleophilic substitution on a
sp” fluorinated carbon atom; c) synthesis of polyfluorinated pyreth-
roids and propargyl alcohols using nucleophiles. Nu=nucleophile,
pyr=pyridine, DAST =diethylaminosulfur trifluoride, HMPA =hexa-
methylphosphoramide.
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targets.”) We have recently shown that fluorine substitution
imparts profound changes to the chemistry of allenes."® On
the basis of ab initio calculations,'” we postulated that a
vinylogous gem-difluoro-olefin, such as fluoroallene 2a
(Figure 1), would be ideally suited to acting as a difluoro-
methylene-cation equivalent because of the opposite NBO
charges in 2a (+0.765 on C1 and —0.449 on C3). This charge
distribution would favor a Sy2' nucleophilic attack at C1, with
concomitant bromide elimination at C3; the isomerization of
the allene to a propargyl group is favorable and acts as a
driving force. Conversely, its non-fluorinated counterpart 2b
has the electronic charge concentrated on the carbon termini,
which is a deterrent towards nucleophilic attack. The syn-
thesis of 1a was carried out by using our previously reported
procedure!™ on a multigram scale (92 % yield). We treated 1a
with both hard and soft nucleophiles, including sodium 2-
methyl malonate, Grignard reagents, triphenylphosphine, or
sodium ethoxide, to demonstrate the lack of reactivity of the
—CF,Br moiety towards nucleophilic substitution. In all cases,
we obtained either starting material or intractable, defluori-
nated mixtures.

Prior to the present work, y-bromodifluoroallenes were
unknown.” We had reported earlier that the preformed
indium propargyl complex 4% yielded fluoroallenyl alcohol 5
when treated with a reactive electrophile, such as aqueous
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Scheme 2. Planned strategy for the synthesis of 3 from Ta using a Sy2 substitution.
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displacement.'” In principle, RCF,Nu could be syn-
thesized by a nucleophilic reaction on gem-difluoro- 0616 _ﬁ476 +0.765 —0.413
olefins (Scheme 1b), thus taking advantage of the I B u¥ s | HﬂH
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ion. In a couple of examples, this problem has been

circumvented by using either 1,1-difluoro-2-halo-1-
alken-3-ols!"™¥ or 3,4-epoxy-1,1-difluorobutenes!™ for
the synthesis of polyfluorinated pyrethroids or allylic
alcohols, respectively (Scheme 1¢). We now report
what is in effect a widely applicable two-step Sy2
conversion of RCF,Br into RCF,Nu, whereby an indium-
mediated Sg2’' bromide substitution converts la into 2a,
which in turn reacts with a nucleophile in a Sy2’ fashion to
produce 3 in high yield (Scheme 2). An added advantage of
this strategy is that the resulting product 3 is equipped with a
triisopropylsilyl (TIPS)-acetylenic linkage suitable for further
synthetic manipulation.

Functionalized allenes are of paramount importance in
organic chemistry, both as building blocks and synthetic

given.
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formaldehyde (Scheme 3).*l Less reactive electrophiles, such
as benzaldehyde or imines, produced homopropargyl alcohol
or amines. If this premise is correct, then the reaction between
4 and a reactive electrophile, such as Br,, should produce the
v-bromodifluoroallene 2a. To our satisfaction, the Sg2’
reaction of 4 and bromine proceeded quite readily at
—78°C in THF to yield the desired 2a in 81% yield. This
compound can be stored neat for months at —5 °C without any
noticeable decomposition; in solution, it reverted to 1a most

www.angewandte.de

Figure 1. Ab initio calculation of gem-difluorinated propargyl and allenyl 1a and 2a and
their non-fluorinated counterparts; the natural bond order (NBO) charge densities are
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recently reported Pd’-catalyzed hydroalkoxylation of hex-
afluoropropene.??! In addition to the alkyne functionality
present in 3, the TIPS group is also a useful synthetic

TIPS
e HCHO FE BrLBr /& handle. It can be cleaved in excellent yield without loss of
(J%'\ ..... F B |mPs—=—cC., - Br .XMF fluorine to yield 6a by using TBAF. Alternatively, it can be
OH \\F &~ THF, -78 = 3 further functionalized by using an electrophilic trap, such
5 (Ref. [21]) 4 —20°C,0.5h 2a (81 %) as p-chlorobenzaldehyde, to produce 6b (see Scheme 4).

Scheme 3. Indium-mediated synthesis of 2a via difluoropropargyl complex 4.

likely through a Sy2’ bromine displacement
catalyzed by trace amounts of bromide. This
proposition was later confirmed with the
result obtained in entry 3g in Table 1.

With a high-yielding synthesis of 2a in
hand, we proceeded to investigate its reac-
tivity towards both soft and hard nucleo-

In conclusion, we have achieved a wide-ranging con-
version of RCF,Br into RCF,Nu through a novel bromo-
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Scheme 4. Deprotection and functionalization of 3i using tetrabutylammonium fluoride
(TBAF).

philes following the strategy depicted in
Scheme 2. To our satisfaction, 2a reacted
readily with a wide range of weak and strong nucleophiles (P,
O, S, C, N, and Br), in a Sy2’ sense, thus furnishing 3 in good-

difluoroallene 2a, which is the synthetic equivalent of a
difluoromethylene cation. We are currently exploring the use
of other substituents appended to the
y-carbon atom and probing the syn-
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