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ABSTRACT

A new and highly versatile source of difluorocarbene is reported. Trimethylsilyl fluorosulfonyldifluoroacetate (TFDA) undergoes decomposition
in the presence of catalytic fluoride to form difluorocarbene under conditions that allow its addition to relatively electron deficient alkenes in
high yield. For example, unprecedented CF2: addition to n-butyl acrylate proceeded in 73% yield.

Because of their interesting thermochemical and dynamic
properties, as well as their potential commercial importance,
there has been a continuing effort among organic chemists
for nearly four decades to find new and more practical
methods of synthesizinggem-difluorocyclopropanes.1-4

Every important method for synthesis ofgem-difluoro-
cyclopropanes involves the addition of difluorocarbene or
carbenoid reagents to alkenes. However, difluorocarbene,
because of the interaction of the long pairs of its two fluorine
substituents with the carbene center, is a relatively stabilized
carbene, and it is therefore less reactive than other dihalo-
carbenes. Thus, although electron rich alkenes react readily
with difluorocarbene under mild conditions, this is not the
case for less nucleophilic alkenes. In practice, there are only
few difluorocarbene reagents that have been found to react
with even modestly electron deficient alkenes to give
reasonable yields of difluorocyclopropanes, and these re-
agents all suffer from various limitations as far as their
general synthetic applications are concerned.

The three most effective, currently available difluorocar-
bene reagents for additions to less reactive alkene substrates

are probably Seyferth’s phenyl(trifluoromethyl)mercury,5

sodium chlorodifluoroacetate,6,7 and hexafluoropropylene
oxide (HFPO) (Scheme 1).8,9 However, each of these

procedures has serious drawbacks that diminish its practical
synthetic potential. The main drawback of Seyferth’s reagent
is the fact that it contains mercury. Thus, it is no longer
commercially available and is somewhat tedious (and† University of Florida.
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hazardous) to synthesize. The problem with the use of sodium
chlorodifluoroacetate derives from the high temperature of
its use and because it must be used in large excess (11 equiv
in the case given) to obtain decent conversion of most alkene
substrates. The use of HFPO (a gas) requires both high
temperatures and an autoclave (or sealed tube) environment.

Thus, in evaluating all difluorocarbene reagents currently
available, there obviously remains a need for one that can
add in decent yields to modestly electron deficient alkenes,
such as allylic ethers or terminal alkenes. Addition of
difluorocarbene tohighlyelectron deficient alkenes, such as
acrylic esters, is unprecedented.

Because of our long standing interest in the reactivity of
difluorocyclopropanes, we have always been alert regarding
possible new methods for adding difluorocarbene to alkenes,
and in the course of the development of FSO2CF2COOCH3

as a source of trifluoromethyl copper (Scheme 2), we became

aware of the potential to modify this reaction in order to
create a new difluorocarbene reagent.10,11 The idea was to
delete the copper and minimize the fluoride ion concentration
by making the reaction a chain reaction, catalytic in fluoride.
The ultimately designed difluorocarbene precursor was
trimethylsilyl fluorosulfonyldifluoroacetate (TFDA),12 which
at moderate temperature, under N2, was added slowly to the
mixture of initiator, olefin, and solvent as shown in Schemes
3 and 4 below.13

In this preliminary study, a total of five representative
olefins, known to be reluctant substrates with difluorocar-
bene, were examined. The reactions proceeded cleanly and

with unprecedented efficiency, as shown in Scheme 4. These
yields have not been optimized. For example, use of2 equiv
of TFDA led to an increase in yield to 89% for allyl benzoate
1b.

Although at this point no single “recipe” has been found
that is optimal for all potential alkene substrates, nevertheless,
with a minimum of effort at optimization, we were able to
find satisfactory conditions to difluorocyclopropanate in good
to excellent yield virtually every alkene substrate that we
examined. Although, in this preliminary study, most reactions
were run on a very small (1.6 mmol) scale, the reaction with
n-butyl acrylate1e, the least reactive of substrates tested,
was also carried out on a 5 g (3.9 mmol) scale at 130°C,
using 25 mg of NaF as initiator, 16 g (1.6 equiv) of TFDA,
and 3.6 g (1 equiv) of toluene as solvent, to obtain, after
distillation, 6.1 g (89%) ofn-butyl 2,2-difluorocyclopropane-
carboxylate.

Experiments directed at optimization indicated that the
choice of (a) fluoride source, (b) temperature, (c) solvent,
and (d) rate of addition of the TFDA can strongly affect the
yields of reactions with individual substrates. In general, NaF
appears to be the best source of fluoride ion (perhaps because
of its relative insolubility); a temperature of at least 90°C
is required for efficient reaction with the alkenes studied
(perhaps because of the relatively high activation barrier for
CF2: addition); little or no solvent should be used (neat
reactions are favored for benzoate esters of alkenols, with 1
equiv of methyl benzoate or toluene being very beneficial
for other substrates);14 the optimal addition rate appears to
be ∼0.8 equiv of TFDA per hour.

We have reported in this Letter a novel, highly reactive
difluorocarbene reagent, which has been demonstrated to be
effective in difluorocyclopropanating even the most highly
electrophilic alkenes, such as acrylic esters, in excellent
yields. This new methodology should open the door to the
simple synthesis of a wide range of new geminal difluoro-
cyclopropane derivatives that previously were not readily
accessible.
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Scheme 2. Trifluoromethyl Copper Reagent

Scheme 3. Difluorocarbene Formation/Reaction Process

Scheme 4. Synthesis of Difluorocyclopropanes
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