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Monofluoromethyl derivatives of various nucleophiles have been synthesized using a new electrophilic monofluoromethylating reagent developed.
The S-(monofluoromethyl)diarylsulfonium tetrafluoroborate has been shown to be effective for the introduction of an electrophilic
monofluoromethyl group into C, S, O, N, and P nucleophiles. This methodology has been expanded for the synthesis of various biologically
important compounds.

Compounds with monofluoromethyl moiety have a consider- small. Besides the first published direct electrophilic mono-
able importance in the field of medicinal chemistry. The fluoromethylation using fluoromethandlpnly the fluoro-
volatile, monofluorinated anaesthetic Sevoflurane, with one methyl halides and triflaté$ (usually ¥F]-labeled) were
of the fastest onset and offset ability, has attained a greatused, mainly to synthesiZ&[F]-labeled radiopharmaceuti-
significance in the modern anaesthesiolégyionofluoro- cals. Recently, Hu et al. presented £H as an indirect
acetic acid is known to disrupt the Krebs cyélend electrophilic monofluoromethylating reagent. Nucleophilic
fluoromethylated amino acids were recognized as potentmonofluoromethylation methods using synthetic equivalent
suicide inhibitors of the enzymatic decarboxylation reaction. of fluoromethide species such as magnesium benzyl fluo-
According to the isostere-based drug design, there are
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romalonate$ fluoromethyl phenyl sulfon&and 1-fluorobis-
(phenylsulfonyl)metharié were also reported.

Our group has recently developed the first electrophilic
difluoromethylating agent (direct"CRH" group transfer),
which can build difluoromethyl group into several O, N, P
nucleophiles! As a continuation of our work, we now

of a-fluoro sulfides, without isolation, it was oxidized to
the corresponding sulfoxide usitgbromosuccinimide. The
subsequent FriedelCrafts type reaction of compourdvith
1,2,3,4-tetramethylbenzen@) (nitiated by trifluoromethane-
sulfonic anhydride and followed by treatment of BFsalt
afforded the SmonofluoromethylSphenyl-2,3,4,5-tetra-

disclose the results of the synthesis and use of a newmethylphenylsulfonium tetrafluoroborat@)(in good yield

electrophilic monofluoromethylation reagent (for direct
“tTCH,F” transfer), namelyS-monofluoromethylS-phenyl-
2,3,4,5-tetramethylphenylsulfonium tetrafluoroborate (

Our aim was to prepare the tetrafluoroborate salt of the
S(monofluoromethyl)diarylsulfonium cation (Scheme 1). At

Scheme 1. Preparation ofs-MonofluoromethylS-phenyl-
2,3,4,5-tetramethylphenylsulfonium Tetrafluoroboratednd the
Solid-Phase Boun&-Monofluoromethylsulfonium
Tetrafluoroborate Reagerf)(
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first, we attempted to prepare the monofluoromethyl phenyl
sulfoxide 6) with the direct fluorination of methyl phenyl
sulfoxide @) using Selectfluor and sodium hydride or
butyllithium, but our efforts were unsuccessful (Scheme 1,
route a). As an alternative, we tried the fluorination of phenyl
methyl sulfide @) with Selectfluor followed by oxidation.
After separation, the yield was lower than we expected
(25%)*? (Scheme 1, route b). Finally, we chose the nucleo-
philic substitution (§n1) reaction of the liquefied CH#FCl
with sodium thiophenolate3] for the preparation of mono-
fluoromethyl sulfide 4).2® Having realized the unstable nature
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(Scheme 1, route c).

In some cases, to overcome the difficulty of the separation
of the desired product from the byproduct phenyl tetra-
methylphenyl sulfide 13) by column chromatography, we
also prepared the solid-phase bousithonofluoromethyl-
sulfonium tetrafluoroborate salt9), using cross-linked
polystyrene resing).

Since the CHF moiety in the reagent contains hydrogens,
the most crucial characteristic is its stability toward bases.
Comparing the features of our new reagenttp the dit*
and trifluoromethyl analoguéd,we should emphasize that
its stability is similar taS-(trifluoromethyl)diphenylsulfonium
tetrafluoroborate. In contrast with the ¢¥reagent, com-
pound 7 is a solid, non-sensitive to moisture and its
preparation does not require an inert atmosphere.

Decomposition of the reagent was not observed and both
the triflate and tetrafluoroborate salts are stable. The
increased stability is due to the decreased acidity of the
hydrogens in the CHF group. However, since the GH
group contains only one electron-withdrawing fluorine atom,
the carbon is less electrophilic and its greater stability enables
it to react with more substrates than the difluoromethyl
analogue. The new material can be stored in a refrigerator
for months without any decrease in activity and it remains
stable for days standing in dry GEl, and CHCN solutions.

It reacts with MeOD yielding fluoromethyl methyl ether and
decomposes in DMF and THF. With the aim of efficiently
synthesizing monofluoromethylated salts of nitrogen and
phosphorus nucleophiles, we tested primary, secondary, and
tertiary amines, indole, pyridine, and 4-dimethylaminopyri-
dine, several substituted imidazoles and some triarylphos-
phines as substrates. Burton et al. have reported the synthesis
of the monofluoromethyltriphenyl phosphonium safés.
These compounds are very effective reagents to introduce
fluoromethyl moiety into a substrate? A few method&*16
have also been reported on the preparation of the mono-
fluoromethylated quaternary salts of triethylamine. Among
the tested nitrogen nucleophiles only the tertiary amines and
imidazoles provided the expected monofluoromethylated
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1994 59, 5692. (d) Yang, J. J.; Kirchmeier, R. L.; Shreeve, J.JMOrg.
Chem 1998 63, 2656. (e) Ma, J. A.; Cahard, 3. Org. Chem?2003 68,
8726.
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197Q 103 104. (c) Dimitrov, A.; Pfeifer, D.; Jonetal, U.; Rudiger, St.;
Seppelt, K.J. Fluorine Chem1997, 82, 143.
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tetrafluoroborate saltslQ, 11) in high yield and with high

selectivity (Table 1).

Table 1. Reaction of Tertiary Amines, Imidazoles, and
Triphenylphosphine witlY Producing the Corresponding

Monofluoromethylated Onium Safts

boxylic acids were reacted in the presence ofGT3 as a
base or the sodium salts of the sulfonic acids were reacted

without using a base

(Table 2). Unlike the difluoromethyl

Table 2. Reaction of Sulfonic and Carboxylic Acids withto
the Corresponding Fluoromethyl Esters
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BF4 MeO MeO
Ph, Ph, o , , .
8 N/\\N Eﬁ-CH . 0 aValues indicate isolated yield8 With solid reagen®.
= = _2
BF 4
C4Ho. N C4Hg i i
o NN N/\\J_CH - o5 analogues, the monofluoromethyl esters of carboxylic acids
~ v/ —BZF (15) were reasonably stable and were isolated in good yields.
4 . .
One of the convenient new feature of the reageistthat
- GHAF 31 it reacts with naphthols, phenols, perfluorophenol, thiophenol,
10 P~ P
Ph™ L Ph Ph” 1 Ph BF4 and fluorinated alcohols providing the corresponding mono-

fluoromethyl ethers X6) in high yield and with high
selectivity (Table 3). In these cases, we tested various alkali
carbonates such as sodium, potassium, and cesium carbon-
ated8 with the latter being the base of the choice probably
due to its better solubility in CECN. Considering the
corresponding acid dissociation constants of simple alcohols
(pKa~15), perfluorinated alcohols Ka ~10), phenols (Ka

aValues indicate isolated yield8 DIAD was used as a co-reagent in
CHClI; as solvent.

Among the tested phosphines only triphenylphosphine
gave the corresponding monofluoromethyl tetrafluoroborate
salt (12) in 31% yield. Modification of different oxygen and s k i !
sulfur nucleophiles such as methyl ethers, thioethers, and™~10), carboxylic acids (ga ~5), sulfonic acids (Ka ~0),
methyl esters of sulfonic and carboxylic acids into the It iS not surprising that we were unable to perform the
corresponding fluoro analogues is not a straightforward task, Monofluoromethylation of simple alcohols. Although the
T e o e 0 S, = oy e oo ¢

) gone, R.; Benneche, T. Fluorine Chem1999 95, 121. (c) Schlosser,
for the preparation of monofluoromethyl alkanesulfonates. M.; Limat, D. Tetrahedron1995 51, 5807.
Fluoromethyl estera4 and 15 were prepared under two (18) (a) Flessner, T.; Doyle, S. Prakt. Chem1999 341, 186. (b) Cella,

. / S . . J. A;; Bacon, S. WJ. Org. Chem1984 49, 1122. (c) Gisin, B. FHelv.
different reaction conditions; either the corresponding car- Chim. Actal973 56, 1476.
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Table 3. Reaction of Phenols, Naphthols, and Alcohols wiith Scheme 2. Synthesis of Biologically and Pharmaceutically
to the Corresponding Fluoromethyl Ethers Important Monofluoromethyl and Fluorinated Derivati¥es
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H FH,CO
4 pOH Z/ED/OCHzF 100b Of the various carbon nucleophiles containing hydrogen
Me Me with the proper acidity, only a few proved to be suitable
Me™ e Me e precursors to form €C bond with reagent (Table 4).
F F In conclusion, we have developed the first practical
5 F OH Fj@OCHZF 88° electrophilic monofluoromethylating reagent and succesfully
transferred the monofluoromethyl group to various nucleo-
F F F F philes including C, N, O, S, and P nucleophiles. We have
. R _SH P SCH.F also applied this methodology for the synthesis of various
©/ ©/ 8877 biologically and pharmaceutically important compounds.
7 FJYFKF FJYFKF 83°
F F F F
OH OCHF Table 4. Reaction of Carbon Nucleophiles with Reagé&nt
HoF
N ‘ rJ 10025 Z* s
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7 21 13
aValues indicate isolated yield8With solid reagen®. ¢ Yield based entry starting material product yield (%)°
on fluorobenzene as internal standetdlot stable. 00
’ O\\/? ?\//O O\\é/ \\/<O
P S>> ph Ph/F Ph 2
sodium salt of the 1,3,5-trimethylbenzyl alcohol was prepared F O':Et OCZ:F
but the conjugate anion being a strong base destroyed the 2 H—COEt FH,C—COEt 75
reagent. In contrast, the conjugate base of the hexafluoro- COEt COaEt
propan-2-ol compounds Kg ~8—9) are stabilized by the 3 H_égﬁa chﬁgﬁa 300
trifluoromethyl groups and possess decreased basicity, and COEt COEL
gonsequently, the expectgd p_roducts could be prep_ared_(TabIe A y _é:glet FH.C _é?glet .
, entries 8 and 9). Considering oxygen nucleophiles, it can COEt COE
be stated that thekp of the compound should be at least 10
or less for a successful monofluoromethylation reaction. 2X, Y, Z = electron-withdrawing group$.Values indicate isolated

) ) . yields.¢ltis not separated from the unreacted starting material, yield based
Our observations that the reagent is capable of reactingon fluorobenzene as internal standard.

with hydroxy compounds prompted us to prepare the
monofluoromethylated derivatives of the major estrogen
hormone estradioll(7), the analgesic acetaminophend@)( Acknowledgment. Support of our work by the Loker
the fluorinated analogues of papaverid€)( and quinidine Hydrocarbon Research Institute is gratefully acknowledged.
alkaloids @0) (Scheme 2). In the case of oxygen nucleo- ) ) _ _

philes, we have already discussed the importance of the Supporting Information Available: General experimen-
required acidity of the substrate to avoid the decomposition (&l Procedure and spectroscopic data of all of the products.
of the electrophilic reagent. Having considered this fact, This material is available free of charge via the Internet at
we extended the use of our reagent for carbon nucleophileshttp://pubs'acs'org'
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