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Abstract

Tetraalkylated ammonium compounds, which are known to be very stable towards oxidative
attack, can be electrofluorinated readily to yield perfluoro tertiary amines. Other than
the enhanced formation of gaseous cleavage products, the electrofluorination proceeds
similarly to that of other tertiary amines.

Introduction

Tetraalkylammonium cations are very stable towards oxidative attack.
As a result, their salts are used as stable, conductive and soluble additives
in organic electrochemistry, e.g. in the electrofluorination in organic solvents
[1]. The high stability of the tetramethylammonium cation towards oxidative
fluorination makes it a valuable cation in the stabilization of higher valent
halogen fluoride anions [2]. However, trialkylammonium cations, which are
formed if trialkylamines are dissolved in HF, can be electrochemically fluor-
inated readily in HF, despite also having a high oxidation potential [3]. This
makes a mechanism involving a primary electrochemical oxidation step
somewhat unlikely. Hence, it is of interest to study the electrofluorination
of tetraalkylated ammonium compounds.

Results and discussion

The quaternary ammonium compounds which were subjected to elec-
trochemical fluorination (ECF) and the results of these reactions are listed
in Table 1. From this table it can be seen that all the compounds studied
generate perfluorinated tertiary amines, with some in quite good yield. It is

*Presented, in part, at the 13th Int. Symp. Fluorine Chem., Bochum, Germany, 1991.
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TABLE 1

Electrofluorinated quaternary ammonium compounds and their perfluoro products

Starting compound Yield (%)

Liquid perfluorination
products (%)

(C4Hg)3 (C:HNT 17 (1) 19.6°
(C4Hg)s (CoH;) (CHpN™ 17 (2) 10.2¢
(C,Hg),N* Br~ (3) 38¢
(C,Hg).N* BF,~ (4) 224
(C:H;,N* I~ (B) 38.3¢

(C4Fg),NC,F; (6) (78.5%)
(CyFo)sN (7) (21.5%)

(C4Fy).NC,F5 (6) (57%)
(C4F5),NCF; (8) (25%)

(CyFy) (CoFs)aN (9) (11%)
(C4Fg) (C.F5)NCF5 (10) (6.6%)

(C4F9)sN (7) (63.7%)
(C4Fo)sN (7) (78%)
(CoF5)uN (11) (70%)

*Total yield of liquid perfluorination products calculated on the following bases: for the actual

mixture; “for (C,Fg),NC,F5; %for the actual F-amine.
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Fig. 1. Formation of H, (X), CF, (O) and NF; (+) during the ECF of (C,Hg);N (curves I)

and (C,Hg)},NBF, (curves II).

obvious that their formation is linked with the splitting off of one alkyl group.
As a result, significantly more gaseous fluorination products are formed than

with tertiary amines. A direct comparison

of the ECF of tributylamine with

that of compound 4 shows that the latter yields more than 10 times the
amount of gaseous fluorination products than tributylamine (Fig. 1). However,
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the relative amount of NF; formed also increases, indicating that the gaseous
products not only stem from the eliminated alkyl group but also from the
enhanced total cleavage.

Compounds with more than one type of alkyl group yield the respective
perfluoro tertiary amines. The results listed in Table 1 do not allow a decision
as to whether the splitting off of a particular alkyl group is dependent on
its nature (in compound 2, the methyl group is obviously more likely to
leave the molecule than the others) or only on its relative abundance (as
indicated by the products of compound 1). Another question which we are
about to study is at what degree of fluorination or what point of the fluorination
pathway the leaving alkyl group actually splits off. To provide an answer it
is obviously necessary to investigate the partially fluorinated compounds
when dissolved in the HF. Here we report only the results concerning the
perfluoro products.

In total, the results show that quaternary ammonium compounds can
be electrochemically fluorinated readily, despite their well-known stability
towards oxidative attack. We consider these results as further evidence for
an ECF mechanism which does not necessarily involve primary electrochemical
oxidation of the substrate.

Experimental

The electrochemical fluorinations were carried out in a 450 ml stainless-
steel or all-PTFE cell, as described elsewhere [4]. Fluorination products were
refluxed with conc. aqueous KOH, distilled off and identified by GC methods
using an authentic sample, or by GC-MS.

Gas chromatography was undertaken on a CHROMATRON GCHF 18.3
instrument with packed columns (10% FS 16 on N-AW-DMCS, 3.7 mm, 3
m; for gaseous perfluorination products, the column was packed with Porapak
Q). GC-MS was carried out using a Finnigan MAT GC-MS system 5100
{quadrupole). For GC, a 50 m column packed with SE 30 was employed;
MS studies were undertaken in the EI mode at 90 eV.

Syntheses of starting compounds

Compound 1 was obtained by reacting commercial tributylamine with
C,Hil, whereas compound 2 was prepared by methylating commercial di-
butylamine with HCHO/HCOOH (Leuckart—Wallach reaction) and subsequent
reaction with C,HzI. Compounds 3 and 5 were both commercial products.
Finally, compound 4 was obtained by reacting commercial tetrabutylam-
monium iodide with HBF,. The crude 4 obtained was recrystallized three
times from EtOAc/pentane.

Perfluorinated products
In addition to the liquid fluorination products listed in Table 1, and
discussed in the following, every run also produced gaseous products, mainly
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CF, and NF; (see Fig. 1), whose presence was confirmed by GC methods
using authentic samples.

Compound 6: MS m/z: 502 [M —CF3]7; 402 [M—C;F;1"; 314 [CsF N1 Y;
219; 131; 119; 100; 69 (basis peak).

Compound 7, compound 8 and compound 11: confirmed by GC methods
in comparison with authentic samples.

Compound 9: MS m/z: 402 [M—CF3]"; 314 [CgF,N11; 302 [M — CsF. 1%,
264; 164; 131; 119; 69 (basis peak).

Compound 10: MS m/z: 352 [M—CF;]*; 2562 [M—C,F,]1"; 219; 164;
131; 119; 114; 69 (basis peak).
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