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SUMMARY
Perfluoroalkylethylenes react with some carbon-,
oxygen-, sulfur-, selenium-, nitrogen-, and phosphorus-based

nucleophiles by formal SNZ' displacemert 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.[ﬂ
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 [2].
We now describe the reaction of olefins substituted by a single
perfluoroalkyl group with a series of nucleophiles[ﬁ,ﬂ giving
allylically substituted product olefins with high Z stereo-
selectivity. Although formally Sy2' 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 perfluorocalkylethylenes ia and lp reacted under
anhydrous conditions with a series of nucleophiles to give
the products %%—Q 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. 1In 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.[S] In one
case (%E) a small amount (+5%) of the E-isomer was detected
by the presence of a second doubled triplet at §5.8 with

JH—F = 20 Hz.

CF3(CF2)nCH=CH2 + Nucleophile —» CF3(CF2)n_l

la, n = 3 F CH,-X
AVa®)

i
[%2]

1b, n
AV = =
23, X = C(nBu) (CO,Et),, n = 3

2%, X = C(CH3)2N02, n=3

2¢c, X = nBu, n = 3

2d, X = tBu, n 3

2e, X = SPh, n 3

2f, X = S(nBu), n = 3
Zg,bx = N(CH3)2, n =25
2%, X = P(O)(OEt)z, n =3
2i, X = OCHy, n = 3

5

22, X = SePh, n
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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 ia. This
was identified as the diene 3. presumably formed by elimination

of HNO, from the initially formed %R.

2

-% Cellg f
%% + (CH3)2C=NO2 (Bu)4 e %R + C3F7C=C-CH=C(CH3)2

R

The reaction with dimethylamine (entry 7) was actually
run using a precursor to the perfluorohexylethylene (kk),
namely the iodide %. With an excess of amine, the olefin lb was
generated in situ and subsequently reacted with a second mole of

amine to give %g. It is interesting to note that this sequence

(CH3)2NH (CH3)2NH
CF3(CF2)5CH2CH21 _— k% e 2%

4
e

occurs in preference to a simple 5,2 displacement of the iodide.
Formation of the phosphonate derivative %R represents

a novel use of the diethyltrimethylsilylphosphite [6] reagent R

Attempts to isolate %Q 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 é at the high reaction temperature. Virtually all the

unreacted %g but no é could be recovered.
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Reaction of ka 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 OCH, and fluorine

3
bound to saturated, allylic, and vinylic carbons by NMR analysis,
but pure products have not yet been isoclated.

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 % could be useful for further transformations. Con-
version of %R to diene % has already been noted. The malonate
derivative 2a has been converted to the unsaturated acid § by

hydrolysis (KOH in refluxing ethanol) and decarboxylation

(refluxing acetic acid) in 80% yield.

F

1
%% E—— C3F7C=?CH2CH(C4H9)COOH
H

2

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 SNZ' 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[@ 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. 1In
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.
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