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ABSTRACT

CO,Bu
D Y F. F
NaF (cat) 2& CO,Bu
+ PhCO,Me
FSO,CF,COOTMS 105 °C 73%

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 CF,: addition to n-butyl acrylate proceeded in 73% yield.

Because of their interesting thermochemical and dynamic are probably Seyferth’s phenyl(trifluoromethyl)mercéry,
properties, as well as their potential commercial importance, sodium chlorodifluoroacetate, and hexafluoropropylene
there has been a continuing effort among organic chemistsoxide (HFPO) (Scheme #P However, each of these
for nearly four decades to find new and more practical

methods of synthesizinggem-difluorocyclopropanes? [

Every important method for synthesis gemdifluoro- Scheme 1

cyclopropanes involves the addition of difluorocarbene or ELF
carbenoid reagents to alkenes. However, difluorocarbene, . _~_> . phgcr, 80°C, Nal

because of the interaction of the long pairs of its two fluorine Benzene

substituents with the carbene center, is a relatively stabilized 3 equivalents 0%
carbene, and it is therefore less reactive than other dihalo- E

F
: . .
carbenes. Thus, although electron rich alkenes react readily " ~—=""0Ac + CICF,cooNa —'2°C OBn/\K/\OAc
with difluorocarbene under mild conditions, this is not the

case for less nucleophilic alkenes. In practice, there are only 11 equiv. 83%
few difluorocarbene reagents that have been found to react

with even modestly electron deficient alkenes to give ;‘\/ HEPO ry cl

reasonable yields of difluorocyclopropanes, and these re- “ Tanr190° XCI 62%

agents all suffer from various limitations as far as their
general synthetic applications are concerned. . o .
The three most effective, currently available difluorocar- procedures has serious drawbacks that diminish its practical

bene reagents for additions to less reactive alkene substrateSYNthetic 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
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hazardous) to synthesize. The problem with the use of sodium | N N D

chlorodifluoroacetate derives from the high temperature of Scheme 4. Synthesis of Difluorocyclopropanes

its use and because it must be used in large excess (11 equiv £

i i i i NaF (cat, 0.012 eq.

in the case given) to obtain decent conversion pf most alkgne SR+ FSO,CF,CO0TMS aF (ca eq.) K/n
substrates. The use of HFPO (a gas) requires both high TFDA (1.5 eq) 105 °C, ~2 hrs 2ae

temperat_ures and an autO(_:Iave (or sealed tube) environment. 1a, R = n-CgHia (74%). b, R = CH,0,CPh (78%)
Thus, in evaluating all difluorocarbene reagents currently ¢, R = CH,CH,0,CPh (89%); d. R = (CH2)30,CPh (97%)
available, there obviously remains a need for one that can & R =C02Cate (73%)
add in decent yields to modestly electron deficient alkenes, (Reactions of 1a and 1e were carried out in the presence of 0.5 and 2.0 eq.
. . " of methyl benzoate, respectively; all other reactions were carried out neat.)
such as allylic ethers or terminal alkenes. Addition of
difluorocarbene tdighly electron deficient alkenes, such as

acrylic esters, is unprecedented. yields have not been optimized. For example, us2 edquiv

Because of our long standing interest in the reactivity of of TFDA led to an increase in yield to 89% for allyl benzoate
difluorocyclopropanes, we have always been alert regarding ;

pozs_lblehnew methofdshfo:jaddllng d|fluor(;carbegggglkenes, Although at this point no single “recipe” has been found
and in the CO;”S.; ofthe ﬁ\ie opment Ohlisez t:b that is optimal for all potential alkene substrates, nevertheless,
as a source of trifluoromethyl copper (Scheme 2), we became, v 2 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

with unprecedented efficiency, as shown in Scheme 4. These

Scheme 2. Trifluoromethyl Copper Reagent examined. Although, in this preliminary study, most reactions

Cul/DMF -CO,, -S0, were run on a very small (1.6 mmol) scale, the reaction with

FS02CFaCO0-CH PTI — n-butyl acrylatele, the least reactive of substrates tested,
. was also carried out on a 5 g (3.9 mmol) scale at G0

F+OF + Cu CFsCu 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%) oh-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

at moderate temperature, undex Was added slowly to the appears to be the best source of fluoride ion (perhaps because

mixture of initiator, olefin, and solvent as shown in Schemes Pf its rglatlve |nso!upll|ty); a tgmperature of at least 90 .
3 and 4 below? is required for efficient reaction with the alkenes studied

(perhaps because of the relatively high activation barrier for
CF,: addition); little or no solvent should be used (neat

_ reactions are favored for benzoate esters of alkenols, with 1

Scheme 3. Difluorocarbene Formation/Reaction Process equiv of methyl benzoate or toluene being very beneficial

aware of the potential to modify this reaction in order to
create a new difluorocarbene reag&it. 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 (TFDAY,which

FSO,CF,CO0TMS + F- FSO,CF,COO" + TMSF for other substratesy,the optimal addition rate appears to
TFDA } Chain Process be ~0.8 equiv of TFDA per hour.
FSOZCF,000 Ozt + 802 +COz + We have reported in this Letter a novel, highly reactive
CFpv — —e FK difluorocarbene reagent, which has been demonstrated to be
R R effective in difluorocyclopropanating even the most highly

electrophilic alkenes, such as acrylic esters, in excellent
. o . ~yields. This new methodology should open the door to the
In this preliminary study, a total of five representative simple synthesis of a wide range of new geminal difluoro-

0|efinS, known tO.be reluctant SL'IbStI’ateS with difluorocar- Cyc'opropane derivatives that previous'y were not read"y
bene, were examined. The reactions proceeded cleanly anccessible.
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(12) TFDA can be readily synthesized in a yield of 78% by simply adding OL0055622
3.6 equiv of trimethylsilyl chloride to fluorosulfonyldifluoroacetic acid at
0 °C, stirring overnight, and distilling the product: bp-6@3 °C at 27 (13) A critical aspect of the reaction is that the addition of TFDA be
mm; IH NMR, 6 0.40 ppm (s):C NMR, ¢ 155.13 (tJ = 27.0 Hz), 112.22 very slow, first to minimize the concentration of €Fbut also to control
(dt,J=31.5, 299.0 Hz);-1.05 ppm (s)¥°F NMR, 6 40.58 (1F, s);-103.74 the inevitable foaming which results from evolution of £&hd SQ in the
ppm (2F, s); HRMS (Cl), 6H1004SSiks, calcd 251.0012, found 251.0015.  reaction. Use of a syringe pump (with a Teflon needle) for the small-scale
Although neither TFDA nor fluorosulfonyldifluoroacetic acid is commonly  reactions reported in this Letter proved absolutely necessary.
available commercially at this time, they are in principle inexpensive, and (14) For some reason, the presence of an aromatic ring, either in the
both will certainly become available when the demand for them becomes substrate (as in benzoate esters) or in the small amount of added solvent,
obvious. Contact the authors regarding current sources. enhances the efficiency of @Faddition tremendously.
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