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Abstraat: Hydroperfluoroalkylation of alkenes using RfI/YbC13(cat.)/Zn 

system in good yields is described. 

The f-block metals and its compounds as oatalysts have been used in 

organic reactionl. Recently, Fujiwara et al reported reductive coupling 

Ofd.@- unsaturated carbonyl compounds by Yb metal or YbC13/Zn2. Although 

perfluoroalkylation of carbon-carbon multiple bonds has been reported by 

means of the transition metals or bimetal redox system as catalysts3, 

such as Zn, BrCo(dmgH)2/Zn etc., there have been few methods of the 

direct hydroperfluoroalkylation of alkenes. Herein, we describe a facile 

method for the reductive addition of perfluoroalkyl iodides to alkenes 

promoted by YbClj(cat.)/Zn system in THF affording hydroperfluoroalky- 

lated product in rather good yield. 

YbC13(cat.)/Zn 

RfI + CH2=CIiR ) RfCH2CH2R 

1 2 THF. 50-76'C 3 

General procedure is as follows: To a mixture of perfluoroalkyl iodide 

(lOmmol), alkene(lOmmo1) and anhydrous YbCl3(0.5mmol) in THF(lOm1) was 

added Zn dust(5-lOmmo1). The mixture was stirred for 5-10 min at 50-76%. 

Then, the reaction was quenched with dii. HCl and the organic layer was 

extracted with ether. Usual workup gave the hydrofluoroalkylated product 

in good yields. 

The reaction of perfluoroalkyl iodides with alkenes in THF was summa- 

rized in Table. Alkenes bearing functional groups, including ester, 

hydroxyl, and phosphonate, could be tolerated under the reaction condi- 

tions. The reaction was completed by using YbClj(cat.) and less than a 

stoichiometric amount of Zn powder within a few min. However, we found 

that the reaction did not occur in EtOH or benzene. 
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Table YbClg(cat.)/Zn promoted hydroperfluoroalkylation of a1kenes.a 
____________________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Entry RfI Alkene Time Adduct yieldb 

No. 1 2 (min.) 3 (a) 
____________________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

1 F(CF2)61 CH2=CHCH2OAc 6 F(CF2)6(CH2)30Ac 
2 F(CF2)61 diallyl ether 5 H3C. 

xi?- 

(CF2)6F 

cis/trans-1:2.4c 

3 Cl(CF2)qI diallyl ether 5 H3C 

r 

(CF2)4Cl 

cis/trans=l:2.2c 

4 Cl(CF2)gI Q I 6 cs" 
I 

CF2)6F 

5 ci(cF2)gI 8 
I 6 

8" 

CE2)SCl 

6 F(CF2)61 ally1 alcohol 7 F(CF2)6(CH2)30H 

95 

90 

93 

88 

90 

56 

7 F(CF2)6I CH2=CHCH2PO(OEt)2 10 F(CF2)6(CH2)3Po(OEt)2,60 

8 cl( CF2)8I l-octane 10 Cl(CF2)8CH2CH2C6Hl3 58 
________-___________~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

a: Molar ratio 1:2:YbC13:2n=1:1:0.05:0.5(1). 

based on 2. c: Cis/trans ratio determined by 

The possible mechanism is shown in scheme 1: 

Scheme 1 

YbC13 + Zn - [ low-valent 

YbCl2 

RfI c [RfIls - Rf- 

b: Isolated yield 

GC-MS and 1~ NMR 

Yb such as YbCl2 3 

+ I' 

THF 
. 

Rf. + CH2'CHR - RfCH2CHR-RfCH2CH2R 
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