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We describe the transition-metal-free  coupling for
polyfluoroalkoxy arenes using polyfluoroalkoxy borates, which
serve as counterions to diaryliodonium salts and transferring
mediators of polyfluoroalkoxy groups. This strategy demonstrates
high functional group compatibility owing to the low nucleophilicity
of the borate mediator, thus offering a practical approach for
synthesizing diverse polyfluoroalkoxy arenes.

Owing to the unique properties of fluorine atoms and
fluorinated functional groups, fluorine-containing molecules
have been utilized across a wide range of chemical industries,
including pharmaceuticals, agrochemicals, and functional
organic materials.? Modification of bioactive compounds with
fluorine functional groups would provide more efficient ADME
(absorption, distribution, metabolism, and excretion)
properties relative to non-fluorinated parent compounds.?
Fluoroalkoxy groups are a widely introduced functional group in
pharmaceuticals and  agrochemicals.> For instance,
trifluoroethyl aryl ethers are found in numerous drug molecules
and agrochemicals (Fig. 1a). In addition, the replacement of
non-fluorinated alkoxy groups in bioactive compounds with
polyfluorinated counterparts enhances lipophilicity (Fig. 1b).*
Therefore, incorporating polyfluorinated alkoxy groups is an
effective strategy in drug design; thus, synthetic methods for
polyfluoroalkoxylation have attracted much attention.>

Trifluoroethyl aryl ethers have been constructed via the
Williamson ether synthesis using the corresponding phenols
and trifluoroethyl sources bearing leaving groups, which require
the superior ability to the trifluoromethyl group (Fig. 2a).° Ipso
substitutions of arene derivatives bearing appropriate leaving
groups, such as aromatic nucleophilic substitution (SyAr)” and
ligand coupling of diaryliodonium salts,® are also efficient
approaches (Figs. 2b and 2c). However, the low nucleophilicity
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Fig. 1 a) Bioactive compounds bearing trifluoroethyl aryl ethers. b)
Lipophilicity control by introduction of fluoroalkoxy group.

of fluorinated alcohols limits substrate variation; the former
requires highly electron-deficient aryl groups, whereas the
latter requires strong bases, such as NaH or lithium
hexamethyldisilazide (LHMDS), which limits the number of
substrate examples. Oxidative activation of arenes enables C-H
bond fluoroalkoxylation, although the reaction proceeds only
with anilide derivatives.® In addition, transition-metal-catalyzed
coupling using aryl halides or boronates produces a wide variety
of trifluoroethyl aryl ethers,*21° and combination with a

a) Williamson ether synthesis
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Fig. 2 Reported synthetic approaches to trifluoroethyl aryl ethers.
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directing group on the arenes induces C-H bond
fluoroalkoxylation (Fig. 2d).11 Nevertheless, the use of transition
metal catalysts is a major drawback for the industrial
production of pharmaceuticals and agrochemicals. In
comparison with the trifluoroethoxy group, highly fluorinated
alkoxides, such as hexafluoroisopropoxide, generally show
lower reactivity owing to their strong inductive effect.'?
Therefore, versatile synthetic methods for polyfluoroalkoxy
arenes bearing a wide variety of polyfluoroalkyl and aryl groups
without the use of transition metal or strong base are highly
desirable.

To synthesize a wide variety of polyfluoroalkoxy arenes under
transition-metal-free conditions, we focused on a boron-
intermediary ligand-transfer strategy employing diaryliodonium
salts, which are efficient arylating reagents based on
hypervalent iodine. Various nucleophiles react with
diaryliodonium salts to afford the corresponding arylation
products in the absence or presence of transition metal
catalysts.’> Among the aryl group variations, easily accessible
and bench-stable aryl(trimethoxyphenyl)iodonium (TMP-
iodonium) salts enable unified selective aryl transfer for various
nucleophiles, as has been demonstrated by several groups
including ours.'*1> The transition-metal-free arylation using
diaryliodonium salts proceeds via ligand exchange of the
counter anion of the diaryliodonium salts with the nucleophiles
and subsequent ligand coupling between the nucleophile and
the aryl group (Fig. 3a). Thus, the nucleophile acts as the
reaction site for ligand exchange, while simultaneously serving
as a coupling partner. To enhance the reactivity of the first step,
an appropriate strong base is required to activate the
nucleophile leading to sufficient nucleophilicity, which
frequently limits the substrate scope due to its high basicity
exemplified by the above-mentioned trifluoroethoxylation.®
Our group demonstrated the decarboxylative coupling of a,a-
difluoro-B-ketoacid salts with TMP-iodonium salt generating
aryl difluoromethyl ketones, wherein the carboxylate moiety
coordinates to an iodine(lll) center facilitating ligand exchange
and eliminating carbon dioxide during ligand coupling.l” This
successive transformation encouraged us to develop a new type
of ligand coupling strategy for the polyfluoroalkoxylations. We
assumed that the borate anion serves as the transferring
mediator to facilitate ligand exchange despite its
nucleophilicity, forming stable diaryliodonium salts and

low
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Fig. 3 a) General ligand exchange and ligand coupling sequence. b) Borate-

mediated ligand exchange and borate-eliminative ligand transfer (this work).
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Table 1 Optimization of reaction conditions for trifluoroethoxylation @
L L
-+ 1 F3C._O.
(FanOa;B Na &/ —>S°|vem’ an \©\
1a (1 eq) 2a Ph 3aa Ph
Entry DL L Solvent Temp. Yield of 3aa
1 TMP OTs toluene 100 °C 35%
2 TMP OTs toluene/H,0 (4:1) 100 °C >99%
3 TMP OTs AcOEt/H,0 (4:1) 100 °C 9%
4 TMP OTs DME/H,0 (4:1) 100 °C 20%
5 TMP OTs hexane/H,0 (4:1) 100 °C 70%
6 TMP OTs toluene/H,0 (4:1) 70°C 96%
7° TMP OTs toluene/H,0 (4:1) 70°C >99% (94%) ©
8b TMP OAc  toluene/H,0 (4:1) 70°C 96%
9b DMP OTs toluene/H,0 (4:1) 70°C >99%
10° Mes OTs toluene/H,0 (4:1) 70°C 66%

2 Reaction conditions: 1a (1 eq) and 2a (0.20 mmol) in solvent (2 mL) for 24 h. 1°F
NMR yield. ® 2 eq of 1a was employed. © Isolated yield. DL = dummy ligand. TMP =
2,4,6-trimethoxyphenyl. DMP = 2,4-dimethoxyphenyl. Mes = mesityl. DME = 1,2-
dimethoxyethane.

sequentially leading to indirect ligand transfer accompanied by
the elimination of neutral borate (Fig. 3b). Herein, we describe
the additive-free polyfluoroalkoxylation of TMP-iodonium salts
using polyfluoroalkoxy borate salt.

The investigation commenced with the coupling reaction of
4-phenylphenyl(TMP)iodonium tosylate (2a-TMP-OTs) with
tetrakis(trifluoroethoxy)borate salt (1a),**'® which is bench-
stable and easily accessible from NaBH,; and trifluoroethyl
alcohol (Table 1). The reaction in toluene solvent at 100 °C
afforded the corresponding trifluoroethyl aryl ether 3aa in 35%
yield (entry 1). Considering the solubilities of these starting
materials, a biphasic solvent consisting of toluene and water in
an optimal ratio (4:1) was employed to generate 3aa
quantitatively (entry 2). The combination of other organic
solvents, such as EtOAc, 1,2-dimethoxyethane, or hexane, with
water decreased the reaction yield (entries 3—5). The desired
compound 3aa was obtained in 96% yield, even at a lower
temperature of 70 °C (entry 6). The use of 2 equiv. of 1a resulted
in a quantitative yield (entry 7). lodonium salts that have 1,3-
dimethoxyphenyl or mesityl ligands, as well as acetate anion,
produced 3aa in moderate to high yields (entries 8-10).

Based on the optimization of the reaction conditions, the
trifluoroethoxylation of TMP-iodonium tosylates 2-TMP-OTs
bearing various functional groups was examined to afford the
corresponding coupling products, which have high volatilities
that decreased the isolated yields (Fig. 4a). Trifluoroethyl aryl
ethers bearing ester (3ab), nitro (3ac), cyano (3ad), and acetyl
(3ae) groups were obtained in moderate to high yields. The
halogen atoms attached to the aryl group (3af), the reactive
points in the transition-metal-catalyzed cross-coupling, were
intact under the present reaction conditions. TMP-iodonium
tosylates bearing hydrocarbons and alkoxy groups also
underwent trifluoroethoxylation to afford the corresponding
ethers (3ag—3ak). In addition, chloropyridine with a
trifluoroethoxy group (3al) was synthesized. However, this
method is not applicable to polyalkoxy arenes and certain
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heteroarenes, such as indole and benzofuran, due to the
difficulty of synthesizing the corresponding TMP-iodonium salts.

a , OTs
-+ | ReO
RFOFB Na + _ oo
' ) 70°C,24h
1a: Rg = CF3CH, 2-TMP-OTs 3

1b: Rg = (CF3),CH
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Fig. 4 Substrate scope for various polyfluoalkyl aryl ethers. Reaction
conditions: a) fluoroalkoxyborate (1a: 0.40 mmol, 1b: 0.29 mmol) and TMP-
iodonium tosylate (2-TMP-OTs, 0.20 mmol) in toluene/H,0 (4:1, 4 mL) at
70 °C for 24 h. b) Rf-OH (4.0 mmol) and NaBH, (1.0 mmol) in DME at 90 °C for
4 h; evaporation; 2a-TMP-OTs (0.50 mmol) in toluene/H,0 (4:1, 10 mL) at
70 °C for 24 h. Isolated yield [19F NMR yield] are described.

We also examined the introduction of hexafluoroisopropoxy
group under additive-free conditions. Various aryl groups
bearing electron-withdrawing (3ba—3bd, 3bf) and -donating
(3bh and 3bk) groups, as well as heteroarenes (3bl), afforded
the corresponding hexafluoroisopropyl aryl ethers. The borate-
mediated polyfluoroalkoxylation of TMP-iodonium salts was
applied to a one-pot reaction starting from a polyfluorinated
alcohol (Fig. 4b). Hexafluoroisopropyl alcohol was treated with
NaBH,. Then the concentrated residue was reacted with TMP-
iodonium salt in toluene/water mixed solvent at 70 °C for 20 h
to afford 3ba in 97% yield. This protocol synthesized aryl ethers
bearing various polyfluoroalkyl groups, such as sterically
crowded (3ca and 3da) and long-chain polyfluoroalkyl groups
(3ea).

This borate-mediate method was compared with the
previously reported approach using diaryliodonium salt (Fig.
5a); the reaction of 2e-TMP-OTs with trifluoroethyl alcohol and
NaH resulted in a low yield of 3ae,?® because undesirable
reactions presumably occurred due to the high basicity and/or

This journal is © The Royal Society of Chemistry 20xx
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Fig. 5 a) Comparison with the reported method. b) Competitive reaction. c)
NMR monitoring of trifluoroethoxylation.

nucleophilicity of alkoxide. Meanwhile, our method afforded
3ae in 60% yield. Owing to the
polyfluoroalkoxy borate salts, the present protocol induces

less nucleophilicity of

chemoselective polyfluoroalkoxylation; treatment of 1a with 2I-
TMP-OTs in the presence of benzyl bromide 4 produced 3al in
76% yield, wherein neither the SyAr reaction with the chlorine
atom nor the Sy2 reaction with the bromine atom proceeded
even in the presence of 2 equiv. of 1a (Fig. 5b).1° In contrast,
sodium trifluoroethoxide reacted with benzyl bromide to
generate the corresponding dialkyl ether.1® Next, the reaction
of 1a with 2f-TMP-OTs in CDsCN was monitored by *H NMR
spectroscopy, which indicated that the
intermediate  2f-TMP-borate
temperature after 10 min (Fig. 5c and S1). Subsequent heating

iodonium borate

was generated at room
of the reaction mixture at 100 °C afforded the coupling product
in 75% vyield. We propose that the
polyfluoroalkoxylation starts with a quick ligand exchange of
in the TMP-iodonium

polyfluoroalkoxy borate anion. Then, the polyfluoroalkoxy

present

the tosylate anion salt with a
group is transferred intramolecularly to the aryl group to afford
the polyfluoroalkoxy arene along with borate elimination.

In conclusion, we developed a transition-metal-free method
for the synthesis of polyfluoroalkoxy arenes using
diaryliodonium and polyfluoroalkoxy borate This
innovative approach addresses the limitations of traditional
methods, which require strong bases or transition metal
catalysts to enhance functional group compatibility. This
additive-free protocol demonstrated selective
polyfluoroalkoxylation under mild conditions and can be
applied to the synthesis of various polyfluoroalkoxy arenes. Our
findings contribute significantly to the field of drug design and
agrochemicals, offering an efficient and versatile strategy for
incorporating fluorinated functional groups into bioactive
compounds.

salts.
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trifluoroethoxylation to afford the corresponding 4-

trifluoroethoxybenzyl bromide in 68% yield. See, Scheme S1.
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