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Abstract: 2.2,2-Trifluoroerhyl p-roluenesuffonaze is treated with butyllithium and trialkylhoranes successively to 

generate I-olkyl-2.2-difluorovinylboranes, which couple with my1 iodides in the presence of cuprous iodide and 

palk&wn catalyst 10 a#ord I, I -d@uxo-I -alkenes in excellent yields. 

Terminal fluoroalkenes have a unique unsaturated system reactive toward nucleophiles, which fact 

produces their diverse utilities not only as building blocks for fluorinated compounds and polymers,) but 

recently as a new type of enzyme inhibitors designed with a mechanism-based concept.2 Because of their 

versatility, there have been reported a number of examples on the preparation of disubstituted 1,l -difluoro- I- 
alkenes.3.4 Most of them are, however, confined to the introduction of difluorometylene unit (CF2).3a* 

On the other hand, we have recently reported the first and still only method for introducing 

difluorovinylidene unit (CF2=C), which provides a useful synthetic route to unsymmetrically disubstituted I, l- 
difluoro-I-aikenes by attaching two different carbon substituents to difluorovinylidene group via i) a boron- 

mediated alkylation and ii) a palladium-catalyzed coupling reaction .4 In the latter process, the coupling reaction 

of dialkyl-2,2-difluorovinylboranes 1 with aryl iodides, a problem was the participation of the alkyl groups on 

boron other than the desired difluorovinyl group. This difftculty was eventually overcome by the oxidation of 

alkyl-boron bonds in 1 with trimethylamine oxide prior to the coupling reaction, unfortunately which can be a 

drawback in manipulation, 

In our previous paper, we have noted that the addition of copper(l) salt to 1 activates only the 2,2- 

difluorovinyl group, which in turn reacts as a vinyl anion .5 This vinyl-selective activation presumably consists 

of two stages: i) the formation of boron ate-complex 2 by the fluoride anion formed in situ and ii) the 

subsequent generation of difluorovinylcopper 3 via transmetalation. It was also reported that I -alkenyl- and I- 
alkynylcopper derivatives were effectively employed in a coupling reaction catalyzed by pahadium.6 On the 
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basis of these considerations, we attempted to apply the copper-mediated activation method to the coupling 

reaction mentioned above, which turned out to be quite selective toward the difluorovinyl group and offered a 
facile procedure without the tedious oxidation step. Herein, we report a versatile one-pot synthesis of 
disubstituted 1,1-difluoro-1-alkenes in excellent yields by using palladium-catalyzed coupling reaction via the 

sequential transmetalation of boron-copper-palladium. 
Dibutyl(l-butyl-2,2-difluorovinyl)borane (la, R=“Bu) was generated in situ from 2,2,2-trifluoroetyl p- 

toluenesulfonate (4) by treating with butyllithium and tributylborane successively.5 Then, the reaction of la 

with iodobenzene was attempted in the presence of 1 equiv. of cuprous iodide and a catalytic amount of 
dichlorobis(triphenylphosphine)palladium. The desired coupling reaction of the difluorovinyl moiety on boron 

proceeded smoothly even at room temperature to afford the corresponding difluoroalkene, 1.1 -difluoro-2- 
phenyl- 1 -hexene (Sa) in 44% yield. 

After screening on palladium catalysts, we found that the palladium(O) complex, formed in situ from 
tris(dibenzylideneacetonyl)bispalladium (Pdz(dba)$ and triphenylphosphine in a palladium : phosphine ratio of 
1 : 2,7 brought about 100% conversion of iodobenzene to raise the yield of 5a up to 94%. The GIL analysis of 

this reaction revealed no formation of butylbenzene, the coupling product of the alkyl moieties in la, which 
indicates that the vinyl-group transfer was exclusively accomplished. 

Moreover, the coupling reactions were examined under similar conditions in the absence of cuprous iodide 

or the palladium complex to yield no coupling products. Although cuprous iodide have seemed to act as a 
cocatalyst, its use of 0.2 equiv. induced the formation of Sa only in 24% yield. Thus, both of the copper salt (1 

equiv.) and the palladium catalyst are essential in the present reaction, and the double transmetalation from boron 

to copper and then to palladium promotes the coupling of vinyl group effectively.* 
Under the reaction conditions defined above, several other disubstituted l,l-difluoro-1-alkenes were 

synthesized by using trialkylboranes and aryl iodides. The yields are excellent as shown in Table 1. In the case 
of p-iodoanisole, the reaction was slowed down probably due to its poor ability of oxidative addition to 
palladium, and also did not go to completion. A palladium : phosphine ratio of 1 : 4 gave an acceptable rate here 
and the reaction afforded the corresponding alkene in 94% yield (Entry 7). 
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Table 1. One-pot Synthesis of 1, I Dfluoro- I-alkenesa) 

Entry R Ar Pd catalystb) Yield of S/%c) 

“BU 

=CBu 

Ph A 90 (94) 

P-NCZC~H~ A 90 

m-N02CeH4 A 91 

P-AcCsH4 A 94 (quant) 

p-Et@CC& A 93 

p-ClCeH4 A 91 

p-MemeH4 B 94 

1 -Naphthyl A 91 

Ph A 83 (91) 

a) Unless otherwise noted, all reactions were carried out under the conditions described 
in the text. Molar ratio of 4 : BR3 : ArI = 1 : 1.1 : 0.9. 

b) A: Pd2(dba)+ZHC13 : PPh3 = 1 : 4; B: Pd2(dba)+ZHC13 : PPh3 = 1 : 8. 
c) Isolated yields. Numbers in parentheses show the yields determined by t9F NMR 

relative to internaI QHsCF3 standard. All compounds were fully characterized by tH 
NMR, 19F NMR, t3C NMR, IR, and mass spectra. 

It should be noted that this sequence of reactions includes two carbon-carbon bond formations in one-pot 
operation and that the latter coupling reaction of vinylboranes is completed in about 10 min at room temperature, 

while prolonged heating is required in similar reactions of vinylboron compounds.9 The double transmetalation 

procedure using cesium fluoride, cuprous iodide, and palladium catalyst can be actually employed in the 
coupling reaction of non-fluorinated I-alkenylboranes, which proceeds smoothly at room temperature. 

A typical reaction procedure is as follows: To 2,2,2-trifluoroethyl p-toluenesulfonate (4, 160 mg, 0.63 
mmol) in tetrahydrofuran (THF, 2 ml) was added butyllithium (0.8 1 ml, I .63 M in hexane, 1.32 mmol) at -78 
“C over 10 min under an argon atmosphere. The reaction mixture was stirred for 30 min at -78 “C to generate 
6,s and then treated with tributylborane (0.69 ml, 1 .O M in THF, 0.69 mmol) at -78 “C. After being stirred for 
1 h at -78 “C, the mixture was brought to room temperature and stirred for an additional 3 h. The vinylborane 
solution thus obtained was treated with hexamethylphosphoric triamide (HMPA, 0.7 ml), triphenylphosphine 
(13 mg, 0.050 mmol), and tris(dibenzylideneacetonyl)bispalladium-ch~oroform (l/l) (13 mg, 0.013 mmol)7 
and stirred for 10 min. To the resulting solution was added 4’-iodoacetophenone (141, mg, 0.57 mmol) and 

cuprous iodide (120 mg, 0.63 mmol). After the mixture was stirred for 1 h at room temperature, water was 
added to quench the reaction. Usual workup followed by column chromatography on silica gel (EtzO-hexane 
1 : 7) gave 1 ,l -difluoro-2-(4-acetylphenyl)-1 -hexene (Jb, 128 mg, 94%).ln 
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