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Difluorohomologation of Ketones

Org. Lett. 2015, 17, 760-763

Despite significant developments in the synthesis of organo-
fluorine compounds, efficient methods for accessing gem-
difluorinated products are still limited. Indeed, the existing
approaches involve either harsh deoxofluorination reagents or
multiple functional group manipulations. o,a-Difluorinated
ketones are attractive substrates for medicinal chemistry
and drug discovery applications, since they efficiently form
adducts (hemiketals), with water and other nucleophiles,
that may resemble tetrahedral intermediates involved in the
hydrolysis of peptides. Recently, a general protocol for the
conversion of readily available ketones into their difluoro-
homologues (Scheme 1) was described by Alexander Dilman,
Mikhail Kosobokov, Vitalij Levin and Marina Struchkova from
Zelinsky Institute of Organic Chemistry (Moscow, Russian
Federation). Professor Dilman said: “The method involves a
sequence of three steps, which are performed in a single re-
action flask! It starts with the generation of silyl enol ether
by using trimethylsilyltriflate and triethylamine - a clean, vir-
tually quantitative, and rapid process. Second, to the result-
ing mixture were successively added (bromodifluoromethyl)
trimethylsilane (Me,SiCF,Br) and hexamethylphosphoramide
(HMPA). In this step, Lewis basic HMPA attacks at silicon of
Me,SiCF,Br and generates difluorocarbene, which readily (at
room temperature!) reacts with the electron-rich enol-ether
double bond to furnish difluorocyclopropanes.” While di-
fluorocyclopropanes are typically stable and isolable, these
cyclopropanes, bearing a silyloxy group, turned out to be
quite unpleasant to handle, revealed Professor Dilman. Indeed,
while some of them (those derived from cyclic ketones) can
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be purified by chromatography and can even be distilled un-
der vacuum, others (those derived from acetophenones) do
not survive simple aqueous work-up. The latter observation
suggested an opportunity for cyclopropane ring opening. But,
in fact, a great amount of work was invested to optimize this
particular stage.

“We were puzzled by the observation that under an-
hydrous conditions, protonation of silyloxycyclopropanes did
not occur even under the action of strong acids such as tri-
fluoroacetic or methanesulfonic acid,” said Professor Dilman.
This led to the idea that water is needed to hydrolyze the silyl
ether into a free hydroxyl group. Finally, after a series of op-
timization experiments, it was established that the reaction
proceeded most effectively when a small amount of water was
added. “It is likely that a cyclopropanol, not silyloxycyclopro-
pane, is the real species that undergoes ring opening,” said
Professor Dilman. “The hydroxyl group can engage in hydro-
gen bonding, thereby polarizing a C-C bond in the cyclopro-
pane. Another feature of this step is that a solution of hydrogen
bromide in acetic acid was the optimal acidic species to effect
cyclopropanol protonation by heating to 80°C,” explained
Professor Dilman. “Preliminary evaporation of dioxane was
necessary, since otherwise dioxane itself reacts with hydro-
gen bromide, affording by-products which complicate pro-
duct purification.”

The majority of ketones worked well with this protocol,
affording difluorohomologated ketones in good yields. How-
ever, for some substrates, heating with HBr/AcOH proved to
be quite harsh (e.g., decomposition of ferrocene, or partial de-
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Scheme 1 Difluorohomologation process
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methylation of methoxy groups). In these cases, a less drastic
treatment was used - hydrogen chloride in dioxane with heat-
ing at 65 °C (Figure 1).
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Figure 1 Substrate scope

With sterically hindered substrates (Figure 2), a different
one-pot procedure was developed, involving generation of
silyl enol ethers by means of conventional deprotonation of
ketones with lithium diisopropylamide followed by quen-
ching with Me,SiCl. Subsequent difluorocarbene addition and
cyclopropane ring opening were carried out under typical
conditions.
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Figure 2 Difluorohomologation of hindered substrates
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Professor Dilman concluded: “Taken together, these proce-
dures allow for a straightforward transformation of a wide va-
riety of ketones into their difluorohomologated counterparts.
The key reagent, Me,SiCF,Br, is now available commercially
from several companies, even on kilogram scale, or can be
prepared according to literature procedures.”

Professor David O’Hagan from the School of Chemistry, Uni-
versity of St. Andrews (UK), an organofluorine chemistry ex-
pert, commented: “This is a nice straightforward and general
method for the synthesis of a,a-difluoro ketones. The authors
demonstrate that the chemistry can be carried out on a wide
range of ketones, and such products have proven useful, for
example as rationally designed inhibitors for hydrolytic en-
zymes. There is no doubt that the CF, group is enjoying a high
profile at present, largely due to the availability of a next ge-
neration of reagents that can generate difluorocarbene. This
chemistry from Dilman’s lab is another nice example demon-
strating the utility and versatility of difluorocarbene in orga-
nic synthesis.”
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