
TETRAHEDRON
LETTERS

Tetrahedron Letters 44 (2003) 5795–5798Pergamon

A new family of delocalized lipophilic cations
Marielouise Henrich,a Albrecht Marhold,a Alexander A. Kolomeitsev,b,* Natalya Kalinovichc and

Gerd-Volker Röschenthalerc
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Abstract—A new family of delocalized lipophilic cations containing one to three carbimino, sulfimino and phosphinimino units
with Cl−, Br−, HF2

− and Me3SiF2
− as counterions has been designed. The compounds synthesized demonstrate high performance

and thermal stability in the ‘Halex’ fluorination reactions. For the first time sulfur tetrachloride pregenerated at −78°C was
successfully applied in reactions with N-nucleophiles to afford straightforwardly sulfonium chlorides with three S–N bonds.
© 2003 Elsevier Ltd. All rights reserved.

There is a growing interest in salts containing delocal-
ized lipophilic cations (DLCs) due to their stability and
high performance in numerous phase-transfer (PT)
organic reactions proceeding under extreme conditions
(e.g. high temperature, strongly basic media, powerful
nucleophiles).1,2 A new important aspect of their appli-
cation is connected with the ability of some DLCs to
selectively target mitochondria of carcinoma cells
resulting in their selective killing. It is a novel and
effective strategy intensely studied presently for the
treatment of cancer.3 Solid–liquid PT halogen exchange
(‘Halex’ process) with alkaline fluorides is one of the
two main techniques to produce selectively fluorinated
aromatics on an industrial scale, complementary to
diazotation of anilines in hydrogen fluoride or
Schiemann reaction.4,5 Potassium fluoride presenting an
optimal ratio between cost and reactivity is the most
widely used reagent for the industrial synthesis of
fluoroaromatics. In most of the Halex-type reactions,
the rate-determining step is the fluoride anion/substrate
reaction to generate the anionic Meisenheimer complex.
The sparing solubility of potassium fluoride in aprotic
solvents or aromatic substrates even at elevated temper-
atures results in low fluorination rates and formation of
by-products. To overcome this problem, the range of
PT catalysts, conventional tetraalkylammonium, phos-
phonium, pyridinium salts, 18-crown-6 and poly-

ethylene glycol were proposed.5–7 Unfortunately, most
of them show shortcomings, especially at elevated tem-
peratures (ca. 200°C), that restrict their application on
an industrial scale. Tetrakis(dialkylamino)phosphonium
halides,8 however, with the robust and lipophilic phos-
phonium cation, were evaluated as powerful catalysts
for some Cl/F exchange reactions.9 There are no uni-
versal catalysts of halogen exchange reactions; so far,
the choice depends strongly on the chloroaromatic sub-
strate used and the degree of halogen activation. There
is still a growing need to create robust, easily recyclable,
cheap and highly effective catalysts for this very impor-
tant industrial process.

To improve the ‘Halex’ fluorination process, we have
synthesized a range of new salts with symmetrical and
nonsymmetrical backbones (C-N-P+, C-N-S+ and S-N-
P+), all fully substituted with dialkylamino groups.10

Among these new salts and already known amino-
diphosphazenium11 and 2-azaallenium12 halides, novel
catalysts of high potential for solid–liquid PT halogen
exchange with KF in chloroaromatic compounds were
evaluated.10 The present paper discloses the design of a
new family of delocalized lipophilic halides for catalytic
fluorination and furthermore hydrogen difluorides and
difluorotrimethylsilicates as fluorinating reagents and
Lewis bases easily soluble in aprotic solvents of general
interest in organic and organofluorine chemistry. The
key point of our route to thermally stable salts stable
towards the highly basic fluorides for the ‘Halex’ pro-
cess, was the consideration that the guanidyl and phos-
phoroaniminyl substituents being more effectively
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bromine, but also the dialkylamino function at the
sulfonium center could be substituted by the phos-
phazo- and guanido- group, showing their high nucleo-
philicity. Sulfur tetrachloride (10), considered to be
thermally unstable, is however, easily generated from
sulfur dichloride and chlorine in 1:1 ratio at lower
temperatures.

SCl4 (10) and (3, 4) and also diethylamine at −70°C
react to give the tris[tris(diethylamino)phosphazeno]-
(11), tris(tetramethylguanido)- (12),15 and tris(diethyl-
amino)sulfonium (13) chlorides in 95–97% isolated
yields after basic workup (Scheme 2, Table 1). Recently
SF4, a toxic gas demanding special handling, has been
used for the synthesis of tris(dialkylamino)sulfonium
difluorotrimethylsilicates.16 To the best of our knowl-
edge there is no example of SCl4 application for the
synthesis of sulfonium salts. These methods could also
simplify the synthesis of chiral triaminosulfonium salts
recently developed for catalytic asymmetric anionic
trifluoromethylation of carbonyl compounds.17

To accelerate the ‘Halex’ process, one should provide a
high concentration of fluoride in solution by an anion
exchange process. Most fluorides soluble in organic
solvents (even in toluene, THF or dimethoxyethane)
contain at least one phosphorus atom.9,11,18–20 As far as
salts (Alk2N)4P+Cl(Br)− have proved to be effective
‘Halex’ catalysts, one can assume that substitution of
the Alk2N group at phosphorus for tetra-
methylguanidyl will not only increase the thermal and
chemical stability of the phosphonium salt, but can also
induce a more effective delocalization of the positive
charge in (Alk2N)3PNC(NAlk2)2

+ as compared to
(Alk2N)4P+ Cl(Br)−. Beside the increased cation stability

electron donating than the dialkylamino moieties,13

should reduce the electrophilicity at carbon, sulfur and
phosphorus and thus increase the stability of the
respective onium salts under basic conditions. On this
basis, the main building blocks used in the reaction
with electrophilic halosulfonium halides, sulfur tetra-
chloride, chloroformamidinium chlorides and bis(di-
alkylamino)difluoromethanes were the cheap tetra-
methylguanidine and easily available tris(diethyl-
amino)phosphazene.14 For comparison, the respective
reactions with diethylamine were also studied. Thus, we
started reacting bis(diethylamino)bromosulfonium bro-
mide (1) bis(diethylamino)chlorosulfonium chloride (2)
pregenerated at −30°C with an excess of tris(diethyl-
amino)phosphazene (3) (Scheme 1) and tetramethyl-
guanidine (4) in methylene chloride (Table 1).

For (1) and tris(diethylamino)phosphazene (3) the con-
version was quantitative during 2 h. After warming up
to ambient temperature followed by basic work-up, a
1:4 mixture of bis-(diethylamino)-tris[(diethylamino)-
phosphazeno)]sulfonium bromide (5) and diethylamino-
bis{tris[(diethylamino)phosphazeno)]}sulfonium bro-
mide (6) has been obtained. Similarly, a 1:4 mixture of
tetramethylguanido-substituted sulfonium chlorides (7,
8) has been observed for the reaction of (2) with
tetramethylguanidine (4) (Table 1). In contrast, (1) and
diethylamine gave tris(diethylamino)sulfonium bromide
(9) as the only reaction product. The yields of (5–9)
were 93–97% based on bis(diethylamino)sulfur. Inter-
estingly, but unfortunately, not only chlorine or

Table 1.

SubstrateEntry Reagents Products Yielda (%)

1b 1 4 equiv. 3 (Et2N)2S[NP(NEt2)3]+Br− 5 93
[(Et2N)3PN]2S(NEt2)+Br− 6 5+6
(Et2N)2S[NC(NMe2)2]+Cl−4 equiv. 4 952 72b

7+88(Et2N)S[NC(NMe2)2]2
+Cl−

2 equiv. Et2NH (Et2N)3S+Br− 93b 1 97
S[NP(NEt2)3]3

+Cl−3 equiv. 3 9510 114c

4.5 equiv. Et3N
S[NC(NMe2)3]3

+Cl−5c 1210 976 equiv. 4
(Et2N)3S+Cl−6c 1310 956 equiv. Et2NH

a Isolated yields.
b Reaction conditions for entries 1–3: CH2Cl2, −30°C, 2 h, then 20°C, 0.5 h.
c Reaction conditions for entries 4–6: CH2Cl2, −70°C, warming up to 20°C within 2 h.
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under strongly basic ‘Halex’ conditions, these delocal-
ized cations do much better to stabilize the intermediate
Meisenheimer complex, thus increasing the rate of aro-
matic fluorination. It was found that tetramethyl-
chloro-formamidinium (14) and 2-chloro-1,3-dimethyl-
imidazolidinium (15) chlorides react smoothly in meth-
ylene chloride at −20 to 20°C with 2 equiv. of tris(di-
ethylamino)phosphazene (or 1 equiv. (Et2N)3P�NH and
1.5 equiv. of Et3N) to afford the target carbophos-
phazenium salts (16, 17) in 97 and 99% isolated yield,
respectively, after treating the reaction mixtures with
sodium methoxide and separation of tris(diethyl-
amino)phosphazene or triethylamine (Table 2). The
2-azaallenium chlorides, (Alk2N)2CNC(NAlk2)2

+Cl−,12

also proved to be catalysts of choice for the ‘Halex’
reaction.10 Bis(dimethylamino)difluoromethane (18) and
2,2-difluoro-1,3-dimethyl-imidazoline21 (19), recently
successfully used for the synthesis of hexaalkyl guani-
dinium difluorotrimethylsilicates,22 could be also used
for designing salts with (Alk2N)3PNC(NAlk2)2

+ and
(Alk2N)2CNC(NAlk2)2

+ cations. Indeed, N-trimethylsi-
lyl guanidine (20) smoothly reacted with (18) and (19)
at −30 to 20°C in CH3CN to give difluorotrimethylsili-
cates (21, 22) (Table 2).23 These compounds enrich the
class of tris(dialkylamino)sulfonium- and hexaalkyl-
guanidinium difluorotrimethylsilicates, known as useful
fluorinating agents and applied also for the synthesis of
perfluoroalkyloxy- and perfluoroalkylthiosubstituted
organic compounds.16,22 N-Trimethylsilyl-tris(diethyl-
amino)phosphazene surprisingly does not react with
2,2-difluoro-1,3-dimethyl- imidazoline or bis(dimethyl-
amino)difluoromethane even on heating in various

Scheme 3.

aprotic solvents (Scheme 3). Tris(diethylamino)phos-
phazene (3), however reacts with (18, 19) to afford
carbophosphazenium hydrogen difluorides (23, 24)24 as
the only reaction products (Table 2).

The onium hydrogen difluorides with lipophilic cations,
i.e., Bu4P+HF2

−, (Alk2N)4P+HF2
− or Bu4N+HF2

−, are
known as effective and mild fluorinating agents.1,18,19

Compound (23), presumably, is a very important reac-
tive intermediate responsible for the catalytic action of
(Et2N)3PNC(NMe2)2

+Cl− by the ‘Halex’ process per-
formed in C–H acidic aprotic solvents (i.e. DMSO is
the solvent of choice for ‘Halex’). It could be generated
in situ from (Et2N)3PNC(NMe2)2

+F−, produced by ion
exchange reaction from (Et2N)3PNC(NMe2)2

+Cl− and
KF at elevated temperature, in the course of the ‘Halex’
reaction followed by the solvent deprotonation with the
highly basic fluoride ion.

In summary, we have found a simple synthesis of a new
family of robust ‘Halex’ catalysts and new fluorinating
agents with DLCs of potential interest as PT catalysts
in general organic and for the use in medicinal chem-
istry. Detailed studies of the application of these new
salts for the synthesis of weakly solvated fluorides with
new DLCs are in progress.
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