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A new methodology for the synthesis of (Z)-a-fluoro-g-trifluoromethylvinylstannanes, which are useful polyfluorinated organotin reagents for
the synthesis of fluorine-containing biologically active compounds, is described.

In the past several decades, much effort has been devotedRecently, the stereospecific synthesis Bj-(and €)-(1-
to introducing a fluorine or trifluoromethyl functionality into  fluorovinyl)stannanes was reportedind applied to the
organic molecules because of the dramatic effects of this synthesis of enzyme inhibitors containing 2-fluoro terminal

functionality on their structure stability, reactivity, and olefins® The synthesis of 1,2-difluorovinylstannafemd
biological activity of the resulting compouné$luorinated

organometallic reagents provide a useful and convenient (3) (a) Piers, E.. McEacher, E. J.. Romero, M. Fetrahedron Lett,
methodology for the introduction of fluorine or trifluorom- 1996 37, 1173. (b) Paley, R. S.: de Dios, A.; Estroff, L. A.; Lafontaine, J.

ethyl functionality into organic moleculé€Organotin com- ﬁ-:LMolgtero. dC-: 'C\i/ICICugeya_IEIJ- Jli’; Rgbi?’ M-SB-l:D VerguraR, MMP-: Vélgel\rﬂs,
. . . . . . L.; Fernandezde la Pradilla, R.; Castro. 5.; Dorado, R.; Morente), M.
pounds are versatile reagents in synthetic organic chemlstryOrg' Chem1997,62, 6326. (c) Kamlage, S.; Sefkow, M.; Peter, M. 15.

Among them, vinylstannanes have attracted special attentionOrg. Chem.1999,64, 2938. (d) Ceccarelli, S.; Piarulli, U.; Gennari, L.
and emerged recently as highly valuable intermediates in grgi.lghemzooo,es, 6254. () Grasa, G. A.; Nolan, S.®rg. Lett.2001,
organic synthesi%.In particular, a number of complex (4) (a) Nicolaou, K. C.; Chakraborty, T. K.; Piscopio, A. D.; Minowa,
naturally occurring compounds have been synthesized byN.; Bertinato, PJ. Am. Chem. S0d4993,115, 4419. (b) Macdonald, G.;

. he Still lladi tal d l ti f Alcaraz, L.; Wei, X.; Lewis, N. J.; Taylor, R. J. Kletrahedron1998,54,
using the Stille palladium-catalyzed coupling reaction ol gg23. (c) Paterson, I.; Lombart, H.-G.; Allerton, Org. Lett.1999,1, 19.
vinylstannanes which were employed as key intermedfates. (d) Chakraborty, T. K.; Thippeswamy, Bynlett.1999, 155. (e) Toshima,
K.; Jyojima, T.; Miyamoto, N.; Katkhno, M.; Nakata, M.; Matsumura, S.
J. Org. Chem2001,66, 1705.
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1-trifluoromethylvinylstannanésalso has been reported. ranged from 7 to 13 Hz, while for those cis with respect to
However, to the best of our knowledge, the synthesis of the F group, théJerssranged from 21 to 31 Hz. In our cases,
polyfluorinated organotin reagent has not been reported“Jeris equal to 12 Hz; hence the configuration of the products
previously. We now wish to report the synthesis of poly- 4 could be ascertained as tAeisomer.

fluorinated organotin reagentsZ)to-fluoro-s-trifluoro- The stereochemical results may be rationalized as follows.
methylvinylstannanes, which we expect to be useful reagentsThe mechanism for the formation of trifluoromethylated
in the synthesis of fluorine-containing biologically active a-fluoro-a,-unsaturated sulfones is analogous to that of the

compounds.

intramolecular HornerWadsworti-Emmons reactior and

The reaction sequences are shown in Scheme 1. Treatmeris shown in Scheme 2. The reaction is initiated by the

of diethyl (1-fluoro-1-phenylsulfonyl)methylphosphonaté
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with n-butyllithium in tetrahydrofuran (THF) at 78 °C gave
carbanior2 which was reacted with trifluoroacetic anhydride
to form the trifluoromethylated phosphona8 Without
isolation,3 was attacked by Grignard reagents followed by
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elimination of phosphonic acid anion to afford the desired
product4 in 77—98% vyields (three steps). The results are
summarized in Table 1. The reaction was stereospecific and
the Z-isomer was obtained exclusively.

Table 1. (Z2)-o-Fluoro-g-trifluoromethylvinyl Sulfoneg
Prepared

compd1© R yield (%)2 Z:EP
4a 4-FCgHa 73 100:0
4b 4-CICgH,4 75 100:0
4c 2-CH3CgH4 83 100:0
4d 3-CH3CgH4 66 100:0
4e 4-CH3CeH4 58 100:0
af 2-CH30C6H4 72 100:0
49 CeHs 64 100:0
4h 2-thienyl 78 0:100¢

a|solated yields? The ratio ofE- andZ-isomers is estimated on the basis
of NMR spectra and TLC dat&.According to the sequence rules, 4h
(sulfur containing compound), when the trifluoromethyl group is trans with
respect to the F group, the stereoisomer is assigned d&sig@mer, while
in other cases they are assigned asZksomer.

On the basis of FCF; coupling constants across the
double bond reported in the literati#df the trifluoromethyl
group was trans with respect to the F group, the&ans

(8) Jeong, I. H.; Park, Y. S.; Kim, B. TTetrahedron Lett2000,41,
8917.

(9) (@) Diethyl (1-fluoro-1-phenylsulfonyl)methylphosphonatewas
prepared according to the known method (McCarthy, J. R.; Matthews, D.
P.; Paolini, J. POrg. Synth1995,72,216). (b) Burton, D. J.; Krutzsch, H.
C.J. Org. Chem1970,35, 2125.
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nucleophilic attack of Grignard reagent on the carbon
oxygen double bond of the carbonyl group, and for the
addition containing an asymmetric-carbon, the Felkin—
Anh model of asymmetric inductidfpredicts the predomi-
nant diastereomer. The incoming nucleophile preferentially
attacks the less hindered side of the plane containing the
C=0 bond. Therefore, the relative steric bulk of F and,SO
Ph play an important role in the stereoselectivity. The relative
steric bulk of F is smaller than that of $h, and the attack
is from the rear (the side of plane containing the small group)
of 3 forming the intermediat&a, while the reverse is true
for the attack from the front, forming intermedidib. Each
of these intermediates decomposes via a syn elimination,
giving 4-Z or 4-E. In our case, formation oba will be
favored ovelbb and theZ-isomer was obtained exclusively.
The polyfluorinated sulfone4 could be easily converted
to polyfluorinated stannane6 by treatment of4 with

(10) General procedure for the preparation of 4: n-Butyllithium (1
mmol in 0.62 mL of hexane) was added dropwise over 10 min to a stirred
solution of diethyl (1-fluoro-1-phenylsulfonyl)methylphosphon&te(310
mg, 1 mmol) in absolute THF (15 mL) at78 °C under nitrogen. The
mixture was stirred at-78 °C for 0.5 h, and trifluoroacetic anhydride (0.14
mL, 1 mmol) was added to it in one portion. Stirring was continued 28
°C for 1 h, and the reaction mixture was allowed to warm td@5After
which the Grignard reagent (1.25 mmol) was added to the mixture which
was stirred for another 0.5 h. The reaction mixture was poured into dilute
HCI (2 M, 20 mL), and the water layer was extracted with ethyl ethex (3
20 mL). The combined organic layer was washed with watex (B0 mL)
until neutral and dried over N80O,. Evaporation of the solvent gave a
residue, which was purified by column chromatography eluting with
petroleum ether (60—90C)—ethyl acetate (95:5) to give the product

(11) Tasi, H.-J.; Thenappan, A.; Burton, D.JJ.0rg. Chem1994,59,
7085.

(12) Lodge, E. P.; Heathcock, C. Bl. Am. Chem. Sod987, 109, 3353.
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tributyltin hydride (2.0 equiv) and 2, Azobisisobutyronitrile
(AIBN, 15 mol %) in high yield$?® (Scheme 3). The results

Scheme 3
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are summarized in Table 2. This transformation was ste-
reospecific and th&-isomer was obtained exclusively. No

Table 2. (Z)-a-Fluoro-g-trifluoromethylvinylstannanes
Prepared

compd4 R yield (%)2 ZE
6a 4-FCgHg 98 100:0
6b 4-CICgH,4 83 100:0
6C 2-CH3CeH4 93 100:0
6d 3-CH3CeH4 93 100:0
6e 4-CH3CeH4 98 100:0
6f 2-CH30CgH4 79 100:0
69 C6H5 77 100:0
6h 2-thienyl 98 0:100¢

E-isomer was detectable from the NMR spectra and TLC
data. Similarly, the configuration of the produdiswas
ascertained on the basis of their coupling constddts)(as
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theZ-isomer. It has been reported tidfluorovinyl)sulfones
obtained from ketones were transformed to (fluorovinyl)-
stannanes with retention of configuration, while those
obtained from aldehydes gave mixtures dE){ and @)-
fluorovinyl]stannanes. In our studies, the retention of con-
figuration was observed for the hemolytic cleavage of the
vinyl phenylsulfonyl group with replacement by tributyltin.
The stereochemical results of stannylation may be rational-
ized by a radical addition—elimination mechanism3

In summary, we have developed a new and convenient
methodology for the synthesis df)ta-fluoro-g-trifluorom-
ethylvinylstannanes, which would be useful organotin poly-
fluorinated reagents for the synthesis of fluorine-containing
biologically active compounds. The detailed application of
this reagent in organic synthesis is being pursued.
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(13) Khrimian, A. P.; Demilo, A. B.; Waters, R. M.; Liquido, N. J.;
Nicholson, J. M.J. Org. Chem1994,59, 8034.

(14) General procedure for the preparation of 6: Tributyltin hydride
(0.54 mL, 2 mmol) was added to a mixture of sulfoh€l mmol), AIBN
(25 mg), and toluene (5 mL). The reaction mixture was heated &€g6r
4—6 h until completion of the reaction (by TLC). Evaporation of the toluene
gave a residue, which was purified by column chromatography, eluting with
petroleum ether (60—9€C) to give the producé.
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