RSC Advances

RSC Advances

ROYAL SOCETY
OF CHEMISTRY

ROYAL SOCIETY
OF CHEMISTRY

This is an Accepted Manuscript, which has been through the
Royal Society of Chemistry peer review process and has been
accepted for publication.

Accepted Manuscripts are published online shortly after
acceptance, before technical editing, formatting and proof reading.
Using this free service, authors can make their results available

to the community, in citable form, before we publish the edited
article. This Accepted Manuscript will be replaced by the edited,
formatted and paginated article as soon as this is available.

You can find more information about Accepted Manuscripts in the
Information for Authors.

Please note that technical editing may introduce minor changes

to the text and/or graphics, which may alter content. The journal's
standard Terms & Conditions and the Ethical guidelines still

apply. In no event shall the Royal Society of Chemistry be held
responsible for any errors or omissions in this Accepted Manuscript
or any consequences arising from the use of any information it
contains.

WwWWw.rsc.org/advances



Page 1 of 5

Journal Name

COMMUNICATION

RSC Advances

RSCPublishing

Synthesis of fluorovinyl aryl ethers by a three-

component

Cite this: DOI: 10.1039/X0XxX00000X

reaction of gem-difluoroalkenes

with

arylboronic acids and oxygen

Received ooth January 2012,
Accepted ooth January 2012

DOI: 10.1039/X0XX00000X

www.rsc.org/

A novel and efficient three-component reaction for the synthesis
of fluorovinyl aryl ethers from gem-difluoroalkenes, arylboronic
acids and oxygen under metal-free conditions is described.

Vinyl ethers or fluorovinyl ethers are often found as structural
frameworks in material chemistry and medicinal chemistry.! They
also serve as versatile building blocks and intermediates in organic
synthesis for the preparation of complex molecules.” A facile method
for the synthesis of vinyl ethers is transition metal catalyzed cross-
coupling of vinyl halides (RX, X = Cl, Br, I) and phenols (Scheme 1,
a).> More recently, Kawatsura reported an efficient protocol for the
synthesis of vinyl aryl ether catalyzed by Pd(PPh;), via carbon—
fluorine bond activation (Scheme 1, b).*

gem-Difluoroalkenes possess remarkable reactivity toward
nucleophiles due to the high polarization of the carbon—carbon
double bond caused by the two fluorine atoms.” Thus, a
straightforward method for the synthesis of fluorovinyl aryl ethers is
by the reaction of gem-difluoroalkenes with phenols in presence of
base via nucleophilic substitution of the vinylic fluorine (Scheme 1,
¢).* However, the major drawback of this approach is the formation
of the undesired addition or disubstitution byproducts.” Therefore,
the development of a facile and efficient approach for the synthesis
of fluorovinyl aryl ethers from gem-difluoroalkenes is still highly
desirable. In continuation of our efforts on the functionalization of
carbon—fluorine bonds in gem-difluoroalkenes,® we herein describe a
new and facile approach to fluorovinyl aryl ethers through a three-
component reaction of gem-difluoroalkenes, arylboronic acids and
oxygen with the assistance of K;PO, (Scheme 1, d).

It is well-known that the hydroxylation of arylboronic acids to
phenols usually occurred readily under various reaction conditions.’”
In addition, the formation of phenols from the corresponding
arylboronic acids was reported as side reaction of the palladium-
catalyzed Suzuki-Miyaura cross-coupling reaction.'’ In our recent
publication, we have reported the synthesis of polyfluoro-substituted
unsymmetrical biaryl ethers via a novel Ni-catalyzed reaction of
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Scheme 1 Synthesis of vinyl aryl ethers or fluorovinyl aryl ethers
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polyfluoroarenes with arylboronic acids and oxygen.'' Encouraged
by the results obtained with the polyfluoroarenes, we wondered if
this strategy could be further extended into the formation of
fluorovinyl aryl ether from gem-difluoroalkenes. To test our
assumption, the investigation of the reaction conditions was
commenced using (2,2-difluoroethene-1,1-diyl)dibenzene 1a and
phenylboronic acid 2a as the model substrates, as shown in Table 1.

Initially, the reaction was performed in the presence of NiCl, or
Ni(acac), using K;PO, as base. Solvent screening (entries 1-7)
showed that aprotic polar solvent NMP were most suitable reaction
media while nonpolar solvent, such as THF was not effective. To our
delight, the desired product 3aa was obtained in excellent yield
using K;PO, as base and NMP as solvent at 100 °C for 24h in
absence of Ni catalyst (entry 8). Decreasing the reaction temperature
from 100 to 80 °C would result in lower yields (entries 9 and 10).
The yield of product 3aa was promoted to 93% when the amount of
phenylboronic acid 2a was increased to 2.0 equiv (entries 8, 11-13).
Moreover, the use of two equivalent of base was proven to be
essential for the success of the transformation (entries 14-19).
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Table 1 Optimization of the reaction conditions”
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1a 2a 3aa

Entry  Catalyst (5 mol %) 2a (equiv) Base (2.0 equiv) Solvent Temp (°C) Yield of 3aa(%)”
1 NiCl, 2.0 K;PO4 THF 80 10
2 NiCl, 2.0 K;PO, Dioxane 100 33
3 NiCl, 2.0 K;PO, DMSO 100 36
4 NiCl, 2.0 K;PO, NMP 100 83
5 Ni(acac), 2.0 K5;PO, DMSO 100 50
6 Ni(acac), 2.0 K;PO4 DMF 100 66
7 Ni(acac), 2.0 K;PO4 NMP 100 92
8 none 2.0 K;PO4 NMP 100 93
9 none 2.0 K;PO4 NMP 90 79
10 none 2.0 K;PO, NMP 80 70
11 none 1.5 K;PO, NMP 100 65
12 none 1.2 K;PO, NMP 100 48
13 none 1.0 K;PO, NMP 100 33
14 none 2.0 none NMP 100 0
15 none 2.0 Et;N NMP 100 0
16 none 2.0 Na,CO; NMP 100 71
17 none 2.0 KOH NMP 100 86
18 none 2.0 BuOK NMP 100 92
19 none 2.0 Cs,CO;4 NMP 100 91
20 none ° 2.0 K;PO, NMP 100 48

“Reaction conditions: gem-difluoroalkenes 1a (1.0 mmol), solvent (2 mL), 24 h, under air atmosphere. *Yields determined by GC analysis.

“Under an argon atmosphere.

No detectable product was observed when performing the reaction in
the absence of base (entry 14). Among all the tested bases, KzPO,
provided the most optimal yield of 93% (entry 8). When /BuOK and
Cs,CO; were employed, comparable yields to K;PO,4 were obtained
(entries 18-19). Finally, when the reaction was performed under
argon, only 48% the expected product was produced (entry 20). It
indicated that the atmospheric oxygen plays a key role in the
reaction. The formation of 3aa (48% yield) under an argon
atmosphere is due to the existence of small amounts of oxygen in the
reaction system.

To survey the generality of this novel three-component reaction,
a number of different symmetrical gem-difluoroalkenes was allowed

This journal is © The Royal Society of Chemistry 2013

to react with a wide array of arylboronic acids under the optimized
conditions (Table 1, entry 8). The results are elucidated in Table 2.
As can be seen from Table 2, in most cases the desired fluorovinyl
aryl ethers could be obtained in moderate to good yields.
Arylboronic acids bearing electron-withdrawing group (3ag and 3ah)
gave the desired products in higher yields than substrates bearing
electron-donating groups (3ab and 3ad). The presence of electron-
donating group on the benzene ring of symmetrical gem-
difluoroalkenewas found to be advantageous over other gem-
difluoroalkenes (3df versus 3af). Interestingly, arylboronic acid
having sensitive functional group such as aldehyde group remains
intact under the optimized conditions (3ah).
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Table 2 Reactions of various symmetrical gem-difluoroalkenes with
aryl boronic acids “”
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“Reaction conditions: gem-difluoroalkenes 1a—d (1.0 mmol), ArB(OH), 2a—k
(2.0 mmol), K5PO, (2.0 mmol), NMP (2 mL), 24 h, under air atmosphere.
’Isolated yields. ‘Reaction conditions: gem-difluoroalkenes le—g (1.0 mmol),
PhB(OH), 2a (2.0 mmol), Ni(acac), (5 mol%), Cs,CO; (2.0 mmol), toluene
(2 mL), 24 h, O, balloon was applied.

3cd, 75% 3df, 85%

Treatment of the heteroarylboronic acids such as pyridin-3-
ylboronic acid 2i, pyridin-4-ylboronic acid 2j and thiophen-3-
ylboronic acid 2k with (2,2-difluoroethene-1,1-diyl)dibenzene la
afforded the corresponding products in good to high yields (3ai-ak).
The synthesis of 3ai—ak is particularly useful and could be applied to
prepare some special fluorovinyl aryl ethers when the corresponding
phenols such as thiophen-3-ol are unstable or unavailable.

The 4,4'-(2,2-difluoroethene-1,1-diyl)bis(chlorobenzene) 1e,
4,4'-(2,2-difluoroethene-1,1-diyl)bis-(bromobenzene) 1f and 9-
(difluoromethylene)-9H-fluorene 1g were not good substrates for
this reaction under the optimized conditions due to their low
reactivities towards ArO". According to our previous report,'’ Ni
catalyst could accelerate the releasing of aryloxy anion (ArO").
Therefore, we reinvestigated the reaction conditions. It was found
that the addition of 5 mol% Ni(acac), could improved the yield
obviously. Furthmore, performing the reaction under an oxygen
atmosphere (balloon) resulted in a higher yield of the expected
product than when the reaction was performed under air (see Table
2, note c).
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Table 3 Reactions of unsymmetrical difluoroalkenes with
boronic acids “*

aryl
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3ha, 86%, E/Z =47/53  3id,81%, EIZ=65/35  3if, 88%, EIZ = T4/26 3K1, 80%, E/Z = 44/56
“Reaction conditions: unsymmetrical difluoroalkenes 1h-k (1.0 mmol),
ArB(OH); 2a, 2d, 2f, 21 (2.0 mmol), KsPO4 (2.0 mmol), NMP (2 mL), 24 h,
under air atmosphere. “Isolated yields of an inseparable E/Z mixture of the
products. °E/Z selectivity was determined by '"F NMR spectra. The
configurations of E- and Z-isomers were determined by their *Jur coupling
constants in "H NMR spectra.

3ha-kl

For the unsymmetrical difluoroalkenes 1h—k (one is hydrogen
and the other is aryl group), the reactions also gave the
corresponding products 3ha—kl in good to high yields but with low
E/Z-selectivity under the optimized conditions. The results are
summarized in Table 3. Unfortunately, the £ and Z isomers of 3ha—
Kkl are inseparable by column chromatography.

On the basis of the experimental results and our previous work,''
we suggest that the mechanism is analogous to those reported by
Ichikawa and co-workers,”®  gem-Difluoroalkenes undergo
nucleophilic vinylic substitution (SyV) with aryloxy anion (ArO") in
the presence of K;PO, via addition—elimination processes to afford
fluorovinyl aryl ethers. The oxidation of arylboronic acids with
oxygen to generate the corresponding aryloxy anion is essential for
the efficient aryloxylation of gem-difluoroalkenes. It is reasonable to
assume that the highly electron-deficient gem-difluoroalkenes are
more efficient for trapping aryloxy anion generated from arylboronic
acid than poly-fluorinated aromatic compounds.

In summary, we have developed an efficient three-
component reaction for the preparation of fluorovinyl aryl
ethers from gem-difluoroalkenes, arylboronic acids and oxygen
using simple and commercially available K;PO, as base under
metal-free conditions. This reaction proceeds well for a wide
variety of arylboronic acids including heteroarylboronic acids
and tolerates several electron-donating as well as electron-
withdrawing functional groups. It provides an alternative
approach to access fluorovinyl aryl ethers.
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An efficient three-component reaction for the synthesis of fluorovinyl aryl ethers from gem-difluoroalkenes,
arylboronic acids and oxygen is described.
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