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SUMMARY 

Perfluoroalkylethylenes react with some carbon-, 

oxygen-, sulfur-, selenium-, nitrogen-, and phosphorus-based 

nucleophiles by formal SN2' displacement of fluoride ion. 

INTRODUCTION 

Reactions of nucleophiles with perfluorinated olefins, 

giving products of addition or addition/elimination, are among 

the most important reactions in organofluorine chemistry.[l] 

Additions of nucleophiles to less highly fluorinated olefins 

are rare unless the olefin is also substituted by some other 

functional group which could stabilize anionic intermediates w. 

We now describe the reaction of olefins substituted by a single 

perfluoroalkyl group with a series of nucleophilesb,4] giving 

allylically substituted product olefins with high z stereo- 

selectivity. Although formally SN2' processes, these 

reactions proceed under unusually mild conditions for 

displacement of a fluoride ion from a perfluoroalkyl group. 
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RESULTS AND DISCUSSION 

The perfluoroalkylethylenes ,.l_t and &Q reacted under 

anhydrous conditions with a series of nucleophiles to give 

the products ?c-l as shown in Table 1. Product yields were 

not optimized or corrected for the often substantial amounts 

of unreacted olefin. Olefin stereochemistry was assigned by 

the NMR signal due to the vinyl hydrogen. In all cases this 

hydrogen appeared as a doubled triplet at 65.7. The 

coupling to vinyl fluorine was 32 Hz indicating a trans 

arrangement for the vinyl hydrogen and fluorine.[5] In one 

case (2b) a small amount (~5%) of the E-isomer was detected 
%% - 

by the presence of a second doubled triplet at 65.8 with 

JH-F 
= 20 Hz. 

CF3(CF2),CH=CH2 + Nucleophile -+ CF~(CF~)~ 1 
H 

la, n = 3 
-% 
F 

%% CH2-X 

lb, n = 5 
%Q_ 

%I X = C@Bu) (C02Et)2, n=3 

$e, X = C(CH3)2N02, n = 3 

$:I - X = nBu, n = 3 

$,d, X = tBu, n = 3 - 

2e, X = SPh, n = 3 
9% 

2f, X = S(nBu), n = 3 
%pI, 

?x, X = N(CH3)2, n = 5 

2&, X = P(O) (OEt)2, n = 3 

$$ X = OCH3, n = 3 

$21 X = SePh, n = 5 
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Several entries in Table 1 merit additional comment. 

A second product was isolated by preparative GLPC from the 

reaction of tetrabutylammonium 2-nitropropanide with .&. This 

was identified as the diene 2, presumably formed by elimination 

of HN02 from the initially formed XQ. 

$q + (CH3)2C=NO;&(B~)4 

The reaction with dimethylamine (entry 7) was actually 

run using a precursor to the perfluorohexylethylene C&k), 

namely the iodide $,. With an excess of amine, the olefin & was 

generated in situ and subsequently reacted with a second mole of -- 

amine to give .&. It is interesting to note that this sequence 

CF3(CF2)5CH2CH21 
(CH3) 2NH 

- Ji_R 

(CH3) 2NH 
* $9. 

4 'L 

occurs in preference to a simple SN2 displacement of the iodide. 
4 

Formation of the phosphonate derivative 2h_ represents 

a novel use of the diethyltrimethylsilylphosphite[6]reagent 2. 

Attempts to isolate &k using more traditional phosphorus nucleo-' 

philes (e.g. triethyl phosphite, sodium diethyl phosphite) failed. 

The relatively low yield in this case is due to decomposition 

of 2 at the high reaction temperature. Virtually all the 

unreacted & but no 5 could be recovered. 
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Reaction of & with sodium methoxide was unusually 

complex. Even with prolonged reaction times and an excess of 

methoxide, at least 50% of the olefin was recovered. The 

allylic ether $& was the major product but many longer re- 

tention time components were also present according to GLPC 

analysis. This mixture clearly contained OCHS and fluorine 

bound to saturated, allylic, and vinylic carbons by NMR analysis, 

but pure products have not yet been isolated. 
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Although the yields in some cases are modest, this 

chemistry provides a simple route to a great variety of 

functionalized, fluorine containing olefins. Many of the 

products 2, could be useful for further transformations. Con- 

version of $2 to diene ;Z has already been noted. The malonate 

derivative 5% has been converted to the unsaturated acid 6d by 

hydrolysis (KOH in refluxing ethanol) and decarboxylation 

(refluxing acetic acid) in 80% yield. 

7 
& - C3P7C=CCH2CH(C4Hg)COOH 

I 
H 

The reaction mechanism has not yet been investigated. 

Since these reactions involve displacement of a fluoride ion 

from a saturated perfluoroalkyl group into a non-hydrogen 

bonding medium by, in some cases, relatively weak nucleophiles, 

something other than simple SK2' displacement may be involved. 

Since the anions which appear to give the best yields are known[7] 

to participate in electron transfer reactions, the 

possibility that these substitutions involve anion radical 

intermediates is being investigated. 
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EXPERIMENTAL 

The sodium salts of diethyl butylmalonate, benzenethiol 

and butanethiol were prepared by reaction of one equivalent of 

the substrate with sodium ethoxide in ethanol, followed by 

evaporation of the solvent and drying under reduced pressure. 

Tetrabutylammonium 2-nitropropanide [8] and diethyltrimethylsilyl- 

phosphite[6] were prepared as described. The alkyl lithium reagents 

were commercial samples obtained as hexane solutions. The sodium 

salt of benzeneselenol was prepared in situ by reaction of -- 

diphenyldiselenide with 2 equivalents of sodium borohydride in 

acetonitrile. 

Proton nmr spectra were obtained on an IBM NR-80 

spectrometer at 80 MHZ using TMS as internal standard. Fluorine 

nmr spectra were obtained on a Varian XL-100 spectrometer at 

94.1 MHZ using fluorotrichloromethane as internal standard. 

Reactions were run under argon atmosphere in the 

solvents and under the conditions indicated in Table 1. In 

general the nucleophiles were added to a solution of the olefin. 

After aqueous work-up the products were isolated by standard 

distillation or chromatography procedures. Properties of new 

compounds are summarized in Table 2. 

REFERENCES 

la R. D. Chambers, 'Fluorine in Organic Chemistry', Chapter 

7, Wiley, New York 1973. lb) M. Hudlicky, 'Chemistry of 

Organic Fluorine Compounds', p. 405-432, Halsted Press, 

New York 1976. 



132 

Recent examples include H. F. Koch, D. B. Donovan, A. G. 

Toczko and A. J. Kielbania, J. Am. Chem. Sot. &$l$, 5411 

(1981); A. E. Feiring, J. Org. Chem. %%, 45 1958, 1962 (1980); 

V. Fiandanese, G. Marchese and F. Naso, J. Organomet. Chem. 

160, Cl3 (1978); K. Tanaka, T. Nakai, N. Ishikawa, Chem. 
%'L% 

Lett. 175 (1979); K. Tanaka, S. Shiraishi, T. Nakai and 

N. Ishikawa, Tetrahedron Lett. 3103 (1978); W. Dmowski, 

J. Fluorine Chem., 22, 201 (1982). 

Reaction of perfluorohexylethylene with a Grignard reagent 

has been described (H. Lehmkuhl and K. Hauschild, Liebigs 

Ann. Chem. 2124 (1979)). 

Several reports on the reaction of perfluoroalkylethylenes 

and perfluoroalkylethyl iodides with amines giving products 

related to $7, have appeared in the patent literature 

(U.S. 3,535,381, Oct. 10, 1970 (CA 74:53026X); U.S. 4,059,629, 

Nov. 22, 1977 (CA 88:169572X); Fr. 2,102,753, May 12, 1972 

(CA 78:29272m)). 

Reference lb, p. 583. 

E. F. Gugerenko, E. A. Chernyshev and E. M. Popv, Bull. Acad. 

sci. USSR, Div. Chem. Sci. 1334 (1966); For other applications 

of this reagent see D. Liotta, U. Sunay and S. Ginsberg, 

J. Org. Chem. $z 2227 (1982). 

N. Kornblum, Angew. Chem. Inter. Ed. Engl., &$,, 734 

(1975); H. R. Ward, Accts. Chem. Res. 2, 18 (1972). 

A. E. Feiring, J. Org. Chem. t$, 347 (1983). 


