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ABSTRACT

Use of Et3B as a catalytic initiator allows the convenient, regiospecific, and highly stereoselective addition of SF5Cl in high yield to a variety
of alkenes and alkynes.

There is currently great interest in methods for the preparation
of selectively fluorinated organic compounds, in no small
part because of the profound influence that fluorine incor-
poration can have on the physical and chemical properties
and biological activity of molecules. Thus, for example,
methods for putting the bulky, highly electronegative, and
generally inert trifluoromethyl group into organic compounds
have received much research attention during recent years.
Another fluorinated substituent that could attract at least as
much interest among synthetic organic chemists in the future
is the pentafluorosulfanyl (SF5) group,1-3 which bears much
similarity to the trifluoromethyl group but is more electrone-
gative (σp ) +0.68 versus+0.54 for CF3)4 and more
sterically demanding. The SF5 substituent should emulate
the CF3 group in altering molecular properties such as
density, refractive index, dipole moment, lipophilicity, and
thermal and chemical stability, and it should have a similar
but intriguingly distinct impact on biological activity, as

foreshadowed by its demonstrated effect on insecticidal
properties.5,6

However, until now the methods required to put an SF5

substituent onto a benzene ring (elemental F2 or oxidative
fluorination by AgF2)7-10 or to incorporate an SF5 group into
aliphatic compounds (high-pressure autoclave or specialized
photochemical procedures)11-14 have not encouraged utility
by synthetic organic chemists.

SF5Cl is presently the only commercially available “re-
agent” that can be used to introduce the SF5 substituent into
aliphatic compounds. As a gaseous pseudo-halogen, this
reagent cannot be used as an electrophilic source of SF5,
but ever since Roberts’ pioneering work in 1961,11 it has
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been used in free radical chain alkene/alkyne addition
processes,15 generally done thermally, in an autoclave, with
or without an initiator, or using room-temperature gas-phase
or low-temperature solution-phase photochemical processes.
For example:11

In order for SF5 derivatives to become incorporated into
the day-to-day strategic planning of working synthetic
organic chemists, a convenient, benchtop procedure needs
to be developed for introduction of SF5 substituents into
organic substrates. In this Letter, we provide such a method,
one that will allow convenient addition of SF5Cl to a large
variety of alkenes and alkynes in excellent yield. The method
is based upon our discovery that Et3B could readily initiate
the free radical chain addition of SF5Cl to unsaturated
compounds at the low temperatures required for convenient
use of SF5Cl in solution at atmospheric pressure. Triethyl-
borane has been recognized for more than a decade to be a
unique low-temperature initiator of free radical reactions.16

Although other potential initiators were examined, thus far
Et3B is the only one that has been found to successfully
initiate the SF5Cl addition reactions.

With a boiling point of-21°C, SF5Cl is readily condensed
into hexane, which contains the alkene or alkyne substrate,
at -40 °C. When the Et3B initiator is added by syringe at
ca.-30 °C, an immediate reaction is evident, and for most
substrates, the reaction is effectively complete after 30 min.17

The reaction can be worked up by simple evaporation of
the hexane to give, in most cases, essentially pure product.
(No significant impurities are observed by1H, 19F, or 13C
NMR, but passage through a short column is recommended
before further use, to eliminate possible traces of Et3B.) Table
1 gives the yields for addition of SF5Cl to a variety of
alkenes, whereas Table 2 gives the results for addition to
three typical alkynes.18

In the reaction with phenyl acetylene, a 2:1 adduct was
also obtained in 27% yield. In this case, addition of the
propagating radical intermediate to a second phenyl acetylene

is obviously competing with the chain transfer step. Using a
larger excess of SF5Cl in the reaction can minimize this 2:1
product.

The addition reactions are regiospecific and highly dia-
stereoselective, with essentially one product being formed
from the additions to cyclohexene,trans-4-octene, and the
alkynes. Although confirmation of the specific stereochem-
istries of products5, 6, 9, 10, and11 is not possible at this
time, one can be almost certain that the stereochemical
outcomes of these reactions are sterically controlled, that the
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Table 1. Yields for Addition of SF5Cl to Alkenesa

R1 R2 R3 product, % yield

H n-C6H13 H 1, 95
H n-C4H9 H 2, 9819

H t-C4H9 H 3, 96
H C2H5 C2H5 4, 89
n-C3H7 H n-C3H7 5, 95b

(CH2)4 H 6, 98b,11

H p-tolyl H 7, 79
H OAc H 8, 9820

a In hexane, at-30 °C, 0.1 equiv of Et3B, 30 min.b One major
diastereomer (>90% by NMR).

Table 2. Addition of SF5Cl to Alkynesa

R1 R2 product,b % yield

n-C3H7 n-C3H7 9, 93
H n-C6H13 10, 94
H Ph 11, 94 + 12, 27

a In hexane, at-30 °C, 0.1 equiv of Et3B, 30 min.b Single diastereomer
in each case.
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alkyne and cyclohexene products areE-isomers, and that the
product (5) from trans-4-octene iserythro. All of the alkyne
adducts are new, although the SF5Cl adduct of propyne has
been reported.11 Although many of the alkene adducts have
been reported previously,11,19 styrenes, 2,2-disubstituted
alkenes, and nonterminal alkenes had not previously proved
to be good substrates for SF5Cl addition. The mildness of
the Et3B-catalyzed reaction conditions obviously contributes
to the apparent broad applicability of this new method.

Regarding the scope of the present procedure, at least one
limitation has already been observed. Although additions to
enol ethers or enol esters should be fine, as exemplified by
the almost quantitative addition to vinyl acetate, attempted
additions toR,â-unsaturated carbonyl compounds, such as
ethyl acrylate or ethyl methacrylate, were not successful,
presumably because of a combination of reduced chain
transfer rate to the electrophilic propagating radical and the
problem of the ester tying up the Et3B catalyst,21 thus
inhibiting free radical initiation and allowing polymerizing
chain propagation to dominate the reaction.

We believe that the simplicity of our new method,
combined with the generally excellent yields that are
obtained, constitutes a breakthrough in SF5 synthetic meth-
odology that should open the door to the convenient,
benchtop preparation of a multitude of SF5-containing
aliphatics by synthetic organic chemists. Future work will
provide insight regarding the reaction’s tolerance of func-
tional groups, which appears to be good.
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