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

Alkylidene-type carbenoids, 1-halo-1-metalo-1-alkenes, have The resulting alkylidenecarbenes change to cyclopentene
been used for C—C bond formatidner 1,1-dimetalo-1- derivatives by an intermolecular-@H insertion reaction or
alkene synthesiéThey can be generated by halogenetal to alkynes by a 1,2-migration reactiéilowever, alkylidene-
exchange from 1,1-dihalo-1-alkenes or by hydrogeretal type carbenoids, their precursors, have not been used for
exchange from 1-halo-1-alken&3However, a strong base, organic synthesiéRecently, we succeeded in the stereose-
such as an alkyllithium, is necessary for their generation, lective synthesis of both (E)- and (2)-(2-fluoro-1-alkenyl)-
and stereoselective preparation of the alkylidene-type car-iodonium salts 1)°® and used them for the stereoselective
benoids was difficult.

On the other hand, am-proton of alkenyliodonium salts (3) (a) Ochiai, M.; Takaoka, Y.; Nagao, Y. Am. Chem. Sod988,

is acidic and can be abstracted by a relatively weak base.110, 6565. (b) Ochiai, M.; Kunishima, M.; Tani, S.; Nagao,JYAm. Chem.

S0c.1991,113, 3135. (¢) Ochiai, M.; Uemura, K.; Masaki, ¥.Am. Chem.
S0c.1993,115, 2528. (d) Sueda, T.; Nagaoka, T.; Goto, S.; OchiaiJM.
(1) (a) Braun, M.Angew. Chem., Int. EA998,37, 430. (b) Kasatkin, Am. Chem. S0d 996,118, 10141.

A.; Whitby, R. J.Tetrahedron Lett1997,38, 4857. (c) Kasatkin, A.; Whitby, (4) The presence of the alkylidene-type carbenoids (alkylidenecarbene-
R. J.J. Am. Chem. S0d.999,121, 7039. iodonium ylides) as the precursor of alkylidenecarbene was shownty H

(2) (a) Hata, T.; Kitagawa, H.; Masai, H.; Kurahashi, T.; Shimizu, M.; exchange at the-proton of alkenyliodonium salts under basic conditiéns.
Hiyama, T.Angew. Chem., Int. E@001,40, 790. (b) Kurahashi, T.; Hata, (5) (a) Ochiai, M.; Kunishima, M.; Fuji, K.; Shiro, M.; Nagao, €hem.
T.; Masai, H.; Kitagawa, H.; Shimizu, M.; Hiyama, Tetrahedron2002, Commun.1988, 1076. (b) Stang, P. J.; Wingert, H.; Arif, A. M. Am.
58, 6381. Chem. Soc1987,109, 7235.
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synthesis of various fluoroalkené®uring our continuous  on the double bond,Z)-4ais less stable tharE)-4a, and
study of the stereoselective synthesis of fluoroalkenes usingunder the reaction conditions, elimination takes place to give
1, we found that the 2-fluoroalkylidene-type carbenoi@s (  3-tetradecyne. The problem could be overcome by carrying
can be generated frorh by treatment with LDA at low out the reaction at lower temperature (—90), and (Z)-5a
temperature and used for the reaction with trialkylboranes could be obtained in 61% yield (Scheme?Zjhus, (E)- and

to give (E)- or (2)-(fluoroalkenyl)boranes (4) stereoselec-

tively. The resulting (fluoroalkenyl)borarfecan be used for s

the selective synthesis dE)- or (Z)-fluoroalkenes (5), (E)-

. Sch 2
or (Z)-fluoroiodoalkenes (6), and-fluoroketones (7). cheme oo
When a mixture of Z)-(2-fluoro-1-dodecenyl)iodonium o otz H
. ; AcOH, =
salt ((2)-1a) and EB in THF was treated with LDA at-78 o B T F m
°C, followed by AcOH, E)-4-fluoro-3-tetradecene ((E)-5a) 10 2>1=®<'T°"p BEts C1°H"‘>1:<BEt2 (2)-5a 61%
was stereoselectively obtained in 72% yield (Schem#& 1). F H DA F Bty CiHar
(E)-1a (2)-4a N F>=<Et
| (E)6a 52%
Scheme 1
Et.©
CioH21 H LDA |CioHa  Li BEt, C1oHz1 (BEL, B
= “78°¢C = — —(@ (Z2)-5a could be stereospecifically prepared from (2)- and
F @IPh F ®IPh F (Ph
@rta O 22 Opr, 3 o ]
CioH
.|ArC1°|—|2>1:<Et AcOH ° 2>1=<Et Table 1. Reaction of Trihexylborane with Carbenoids
F  BEf FE 5H Generated from Alkenyliodonium Salts
(E)-4a o \Jz (E)-5a 72% alkenyliodonium salts reagent ~ product yield (%)
22,
NaOH ¢..H F, H
CioHa1 O o Et (2)-1a AcOH Y=( 70
F - F | C10H21 Hex
7a 750 (Z)-6a 66% (E)-Sb
’ E
2)1 Ict = 65
(2r-1a AcONa CigHar  Hex
The formation of E)-(1-ethyl-2-fluoro-1-dodecenyl)dieth- (Z)-6b
ylborane ((E)-4a) as a precursor of (E)-8as shown by Ho CroHas  Hex
the following results. The replacement of ACOH by £D (£-1a NZOH F) \<o 82
COOD gave E)-3-deuterio-4-fluoro-3-tetradecene. The treat- 7b
ment of the reaction mixture with Igave (Z)-4-fluoro-3- R _ jHex
iodo-3-tetradecene ((2)-6&),an iodination product ofla, (E)-1a AcOH C10H>21 :H 70
in 66% yield!! The oxidation o#4awith H,O, gave 4-fluoro- o (2)-5b
3-tetradecanone (7a) in 75% yield. EPh aon E H

When a mixture of£)-(2-fluoro-1-dodecyl)iodonium salt
((E)-1a) and EB was treated with LDA as in the case of
(2)-14a, the expectedq)-4-fluoro-3-tetradecenef}-5a) was
stereoselectively obtained; however, the yield was low, and 2lIsolated yield based on alkenyliodonium salt.
a significant amount of 3-tetradecyne was also formed. As
the fluoride and the borane occupy the trans configuration

7
MeOOC(CHJ)s HBT4  MeOOC(CHy)s Hex
(2-1b (E)-5¢

(E)-1a, respectively. If the alkylidene carbenes were gener-
(6) As for the synthesis of)-(2-fluoro-1-alkenyl)iodonium salts, see:  ated under the reaction conditions, the observed stereospeci-

(a) Hara, S.; Yoshida, M.; Fukuhara, T.; Yoneda@bem. Commuri998 i i ; ;
965. (b) Yoshida, M. Kawakami, K.: Hara, Synthesi004, 2821, As ficity could not be explained. Therefore,sBtreacted with

for the synthesis ofZ)-(2-fluoro-1-alkenyl)iodonium salts, see: (c) Yoshida, ~carbenoids (2), generated by the reactionlafith LDA,

M.; Hara, S.Org. Lett.2003,5, 573. before decomposition to the carbenes, d8)d ¢r (2)-4awas
(7) Hara, S. InFluorine-Containing Synthons; Soloshonok, V. A., Ed.; o .
American Chemical Society: Washington, DC, 2005; p 120. stereospecifically formed as shown in Schemes 1 akd 2.

(8) A Ju—r on a double bond in)-5awas smaller than that oZj-5a (E)-4-Fluoro-3-iodo-3-tetradecened)t6a) was also stereo-

\(/\Ilzr;l_cst;ghows that H and F on a double bond have a cis configuration in selectively obtained in 52% yield by treatment withak in
(9) Everett, T. S. InChemistry of Organic Fluorine Compounds Il the case of (Z)-6a.
Hudlicky, M., Pavlath, A. E., Eds.; American Chemical Society: Wash- When HexB was used for the reaction witha, the
ington, DC, 1995; p 1042. . .
(10) Brown, H. C.; Hamaoka, T.; Ravindran, N.Am. Chem. S0973 corresponding (E)- or (2)-8-fluoro-7-octadecene ((E)eb
95,( 1517)812'.: NVR of 2)-6 - d o the other hand (2)-5b), (2)-8-fluoro-7-iodo-7-octadeceneZ-6b), and 8-flu-
of (2)-6aappeared at-75 ppm, and on the other hand, : ; :
that of (E)-6aappeared at-95 ppm which is in good agreement with qr0-7-octadecgnone?l¢) were Selectlvely.obtamed. Applica-
previously reported data foZ]- and (E)-fluoroiodoalkené's. tion of a functionalized (fluoroalkenyl)iodonium saltk)
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s presence of a Pd catalyst and a base, the cross-coupling

Scheme 3 reaction of (Z)6awith phenylboronic acid took place to give
(2)-4-fluoro-3-phenyl-3-tetradeceng){8a stereoselectively.

CioHzt  Et CioH21  Et 7 ;
A Mo = Similarly, (E)-8acould be obtained fromK)-6a as shown

F 1 Pd(PPhs)s,, NaOH F  Ph in Scheme 3. Their stereochemistry was determined from
(2)-6a 87% (2)-8a NOEs of'THNMR analysis.
CigHz1 ) PhB(OH), CioH21  Ph . . . . .
— —_— = Supporting Information Available: Details of experi-
F EtPd(PPhs),, NaOH F  Ft mental procedures and characterization data for all new
(E)-6a 8% (E)8a compounds. This material is available free of charge via the

Internet at http://pubs.acs.org.
was also possible, and the fluoroalkene having an ester group

((E)-5c¢) could be obtained as shown in Table 1. ©LO608707
Trisubstituted fluoroalkenes84), which are difficult to
prepare by the conventional methddsyuld be stereoselec- (12) Zupan, M.Synthesisl976, 473. _
tively prepared from (Z)-6ar (E)-6aby applying them to Sogl_f)ggfgg‘?'é%gf'sr‘er' R.P.; Snow, J. T.; Whitney, C.JCAm. Chem.
the Suzuki—Miyaura coupling reactidh. Thus, in the (14) Miyaura, N.; Suzuki, AChem. Rev1995,95, 2457.
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