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ABSTRACT

Alkylidene-type carbenoids, generated from ( Z)- or (E)-(2-fluoro-1-alkenyl)iodonium salts by treatment with LDA, reacted with trialkylboranes
to give ( E)- or (Z)-(fluoroalkenyl)boranes stereoselectively. The resulting (fluoroalkenyl)borane can be used for the selective synthesis of ( E)-
or (Z)-fluoroalkenes, ( E)- or (Z)-fluoroiodoalkenes, and r-fluoroketones.

Alkylidene-type carbenoids, 1-halo-1-metalo-1-alkenes, have
been used for C-C bond formations1 or 1,1-dimetalo-1-
alkene synthesis.2 They can be generated by halogen-metal
exchange from 1,1-dihalo-1-alkenes or by hydrogen-metal
exchange from 1-halo-1-alkenes.1,2 However, a strong base,
such as an alkyllithium, is necessary for their generation,
and stereoselective preparation of the alkylidene-type car-
benoids was difficult.1

On the other hand, anR-proton of alkenyliodonium salts
is acidic and can be abstracted by a relatively weak base.

The resulting alkylidenecarbenes change to cyclopentene
derivatives by an intermolecular C-H insertion reaction or
to alkynes by a 1,2-migration reaction.3 However, alkylidene-
type carbenoids, their precursors, have not been used for
organic synthesis.4 Recently, we succeeded in the stereose-
lective synthesis of both (E)- and (Z)-(2-fluoro-1-alkenyl)-
iodonium salts (1)6 and used them for the stereoselective
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synthesis of various fluoroalkenes.7 During our continuous
study of the stereoselective synthesis of fluoroalkenes using
1, we found that the 2-fluoroalkylidene-type carbenoids (2)
can be generated from1 by treatment with LDA at low
temperature and used for the reaction with trialkylboranes
to give (E)- or (Z)-(fluoroalkenyl)boranes (4) stereoselec-
tively. The resulting (fluoroalkenyl)borane4 can be used for
the selective synthesis of (E)- or (Z)-fluoroalkenes (5), (E)-
or (Z)-fluoroiodoalkenes (6), andR-fluoroketones (7).

When a mixture of (Z)-(2-fluoro-1-dodecenyl)iodonium
salt ((Z)-1a) and Et3B in THF was treated with LDA at-78
°C, followed by AcOH, (E)-4-fluoro-3-tetradecene ((E)-5a)
was stereoselectively obtained in 72% yield (Scheme 1).8

The formation of (E)-(1-ethyl-2-fluoro-1-dodecenyl)dieth-
ylborane ((E)-4a) as a precursor of (E)-5awas shown by
the following results. The replacement of AcOH by CD3-
COOD gave (E)-3-deuterio-4-fluoro-3-tetradecene. The treat-
ment of the reaction mixture with I2 gave (Z)-4-fluoro-3-
iodo-3-tetradecene ((Z)-6a),10 an iodination product of4a,
in 66% yield.11 The oxidation of4awith H2O2 gave 4-fluoro-
3-tetradecanone (7a) in 75% yield.

When a mixture of (E)-(2-fluoro-1-dodecyl)iodonium salt
((E)-1a) and Et3B was treated with LDA as in the case of
(Z)-1a, the expected (Z)-4-fluoro-3-tetradecene ((Z)-5a) was
stereoselectively obtained; however, the yield was low, and
a significant amount of 3-tetradecyne was also formed. As
the fluoride and the borane occupy the trans configuration

on the double bond, (Z)-4a is less stable than (E)-4a, and
under the reaction conditions, elimination takes place to give
3-tetradecyne. The problem could be overcome by carrying
out the reaction at lower temperature (-90°C), and (Z)-5a
could be obtained in 61% yield (Scheme 2).8 Thus, (E)- and

(Z)-5a could be stereospecifically prepared from (Z)- and

(E)-1a, respectively. If the alkylidene carbenes were gener-
ated under the reaction conditions, the observed stereospeci-
ficity could not be explained. Therefore, Et3B reacted with
carbenoids (2), generated by the reaction of1 with LDA,
before decomposition to the carbenes, and (E)- or (Z)-4awas
stereospecifically formed as shown in Schemes 1 and 2.13

(E)-4-Fluoro-3-iodo-3-tetradecene ((E)-6a) was also stereo-
selectively obtained in 52% yield by treatment with I2 as in
the case of (Z)-6a.

When Hex3B was used for the reaction with1a, the
corresponding (E)- or (Z)-8-fluoro-7-octadecene ((E)-5bor
(Z)-5b), (Z)-8-fluoro-7-iodo-7-octadecene ((Z)-6b), and 8-flu-
oro-7-octadecanone (7b) were selectively obtained. Applica-
tion of a functionalized (fluoroalkenyl)iodonium salt (1b)
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Scheme 1

Scheme 2

Table 1. Reaction of Trihexylborane with Carbenoids
Generated from Alkenyliodonium Salts

a Isolated yield based on alkenyliodonium salt.
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was also possible, and the fluoroalkene having an ester group
((E)-5c) could be obtained as shown in Table 1.

Trisubstituted fluoroalkenes (8a), which are difficult to
prepare by the conventional methods,7 could be stereoselec-
tively prepared from (Z)-6aor (E)-6aby applying them to
the Suzuki-Miyaura coupling reaction.14 Thus, in the

presence of a Pd catalyst and a base, the cross-coupling
reaction of (Z)-6awith phenylboronic acid took place to give
(Z)-4-fluoro-3-phenyl-3-tetradecene (Z)-8astereoselectively.
Similarly, (E)-8a could be obtained from (E)-6a as shown
in Scheme 3. Their stereochemistry was determined from
NOEs of1HNMR analysis.

Supporting Information Available: Details of experi-
mental procedures and characterization data for all new
compounds. This material is available free of charge via the
Internet at http://pubs.acs.org.
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