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In this Letter, we describe a practical and highly selective method for the preparation of fluoroaryl ethers
and differentially substituted resorcinol derivatives. This synthetic strategy relies on a selective SyAr of
substituted difluorobenzene derivatives with various alcohols.
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Aryl ether functionality is a prevalent structural motif found in
many natural products and in biologically active compounds.! In
the past few decades, several new methods for the preparation of
aryl-aryl® and aryl-alkyl ethers have been described. While signif-
icant progress has been made in the field of metal-catalyzed reac-
tion (mostly Cu and Pd), nucleophilic aromatic substitution (SyAr)
of aryl fluorides by alkoxides remains a highly efficient and useful
strategy for the construction of aryl ethers.? The fact that a wide
range of fluorinated aromatic compounds are commercially avail-
able certainly enhances the synthetic potential of the SyAr ap-
proach for the preparation of functionalized aromatic compounds.

In support of a drug development program, we required a meth-
od for the preparation of substantial quantities of 2-substituted-5-
fluoroanisoles. We were interested in identifying a methodology
that would be highly selective, that would use readily available
starting materials, and also enable facile preparation of a large ar-
ray of differentially substituted aryl ethers. A survey of commercial
sources confirmed that a wide variety of substituted-2,4-difluoro-
benzene derivatives are available. We felt that if we could achieve
good levels of regioselectivity for the nucleophilic aromatic substi-
tution of these substrates, it would provide a very efficient method
for the preparation of 2-substituted-5-fluoroanisoles. Examination
of the literature revealed that while a number of isolated examples
have been reported, the selectivities and/or the yields were often
moderate.*® Moreover, the generality of this transformation has
not been well established. This synthetic strategy could also pro-
vide access to differentially substituted resorcinol derivatives
which find a broad range of applications in the pharmaceutical
industry.” In this Letter, we wish to disclose the application of this
general and highly selective SyAr reaction of substituted-2,4-
difluorobenzene derivatives with alkoxides to generate fluoro-
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aryl-alkyl ethers. We have also demonstrated that this approach
can be used to prepare fully differentiated resorcinol derivatives.

Our investigation into an efficient and selective SyAr reaction
began with commercially available 2,4-difluorobromobenzene
using ethanol as the nucleophile. To find the optimal reaction con-
ditions, a number of bases and solvents were evaluated. We found
that inorganic bases such as potassium carbonate were inefficient
in promoting this transformation. The selectivity observed was
generally greater when a potassium alkoxide was used as base
(Table 1, see entries 2 vs 3).

We observed acceptable conversions (81 > 95% in 6 h at rt) and
encouraging isomeric ratios when either potassium hydride or
t-butoxide was used in THF. For ease of handling, we selected
potassium t-butoxide as the base of choice for further study. We
next evaluated the effect of the solvent on the reactivity and regi-
oselectivity. We found that solvents with a low dielectric constant
such as toluene or hexanes provided only modest conversion.
Rapid consumption of the starting material was seen in polar

Table 1
Optimization of the selective SyAr reaction using 2,4-difluorobromobenzene

F F EtOH EtO F F OEt
:©/ base, solvent :©/ + :©/
Br rt, 6 hr. Br Br

A B
Entry Base Solvent Conversion® (%) Ratio® (A:B)
1 K>CO4 THF N.R. —
2 KH THF 81 17:1
3 NaH THF 13 13:1
4 t-BuOK THF 39 17:1
5 t-BuOK Toluene N.R. —
6 t-BuOK DMF >95 6:1
7 t-BuOK DMSO >95 7:1
8 t-BuOK Dioxane 71 38:1

¢ Determined by GC.
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non-protic solvent (Table 1, entries 6 and 7), however the selectiv-
ity was significantly lower. The best selectivities were obtained in
etheral solvents with dioxane providing the highest regioselectivi-
ty (38:1) and acceptable rates.

To extend the scope of this transformation, we next evaluated
the influence of various alcohols on the regioselectivity of the SyAr
reaction, again using 2,4-difluorobromobenzene as a model aryl
fluoride. Based on the results of Table 1, we selected t-BuOK as
the base of choice and subsequent bench scale reactions were con-
ducted in dioxane at room temperature.® As shown in Table 2, a
wide variety of alcohols were added with excellent chemical yields
and with very high selectivities.

Table 2
Substrate scope for the selective SyAr reaction of 2,4-difluorobromobenzene with a
variety of alkoxides

ROH
FD/F £BUOK RO:©/F . FD/OR
B dioxane Br B

r r

A B
Entry Product Yield (%) Ratio® (A:B)

MeO F

1 :©/ 83 54:1
Br

EtO. F

2 :©/ 85 47:1
Br

Pro.
3 D/ 82 72:1
t-BuO
4 :©/ 99 128:1
FsC._O F
5 :©/ 60° 77:1
Br

/\/O F
7 :©/ 87 59:1
Br
>~_o F
8 :©/ 98 52:1
Br
Ph._O F
9 96 55:1
Br
o F
10 O/ :©/ 98 79:1
N
Boc Br
o F
1 LT o2 301
Br

Typical conditions: 3 equiv of alcohol, 2.9 equiv of t-BuOK in dioxane at rt for
6-24 h.

2 Determined by GC.

b Reaction carried out at 45 °C with 4 equiv of alcohol for 24 h.

¢ Reaction carried out in THF, HPLC assay yield.

In general, regioselectivity increases with the sterics of the alk-
oxide used. When primary alcohols were used, selectivities of
about 50:1 were observed (entries 1, 2, and 7-9). The selectivity in-
creased to approximately 75:1 when secondary alkoxides were
used (entries 3 and 10) and finally selectivities exceeding 125: 1
were observed for sterically hindered nucleophiles such as t-BuOK
(entry 4). We also observed that the nucleophilicity/basicity of the
alkoxide impacted both the rate and the selectivity of this SyAr dis-
placement. This trend becomes obvious when we compare the en-
tries 2, 5, and 6. In the case of trifluoroethanol, a significantly
slower reaction was observed. Hexafluoro-2-propanol was found
to be unreactive, even under forcing conditions (entry 6, 100 °C,
for 2 days). Finally, we also demonstrated that high level of che-
moselectivity in the nucleophile could be obtained as shown in
entry 11 where an unprotected piperidine alcohol was added in
excellent chemical yield.® These reactions are operationally simple
and are typically very clean. No byproducts were observed arising
from displacement of the bromide!® and we never observed more
than 1% of the double addition product under these conditions.

For preparative scale purposes, we decided to use THF as sol-
vent instead of dioxane and commercial availability of KOMe obvi-
ated the use of t-BuOK. However, the selectivity in THF was
somewhat lower than that observed in dioxane (Table 1, entry
2). To overcome this setback, we studied the effect of the reaction
time, temperature and the stoichiometry of the alkoxide used. We
observed a significant improvement in selectivity as we increased
the amount of alcohol used (Eq. 1 vs 2). The improved selectivity
arises from the favored consumption of the undesired isomer (B)
which reacts faster in a second addition than the desired isomer
(A). The bis-addition product formed could easily be removed by
fractional distillation to provide a highly enriched mixture of iso-
mer A."!

F:©/F KOMe (2 equiv) Me0:©/ :©/
Br THF 65 °C (1)
(18: 1
< 0 5% bis- OMe

F:©/F KOMe (5 equiv) Meo:©/ :©/
THF, 65°C 2
Br h 2)
(65: 1
9% bis- OMe

Table 3 demonstrates the wide range of 1-substituted 2,4-diflu-
orobenzenes which can be successfully used to prepare 3-fluoro-
anisole derivatives in good chemical yields and with high levels
of regioselectivity. Both the aryl chloride and bromide were found
to undergo selective SyAr reaction using KOMe with excellent
selectivity (Table 3, entries 1 and 2). The reaction of 1-iodo-2,4-
difluorobenzene was slower and required more forcing conditions,
resulting in decreased selectivity (entry 3). Substrates bearing elec-
tron-withdrawing groups such as nitrile, ester, ketone, sulfone, and
nitro provided the desired anisole derivatives with good to excel-
lent regioselectivity.

Not surprisingly, the electronic characteristics of the substitu-
ent on the aryl ring had a profound influence on the reactivity. This
was confirmed in the case of methyl and phenyl-substituted
difluorobenzene substrates where no reactions were observed (en-
tries 9 and 10). We also found that more vigorous conditions
(100 °C) were necessary in order to promote the addition of KOMe
onto 2,4-difluorothioanisole (entry 7).

Finally, we set out to evaluate the possibility of preparing differ-
entially substituted resorcinol derivatives by sequential addition of
alkoxides. The synthesis of fully differentially substituted resor-
cinol is still a nontrivial task. While interesting methods have been
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Table 3
Substrate scope for the selective SyAr of substituted 2,4-difluorobenzenes with KOMe

F F KOMe MeO. F F. OMe
+
dioxane
R R R
A B
Entry Product Time, temp. Yield (%) Ratio® (A:B)

MeO.
5h, rt 74

—_
T
w
w
—_

(c]

MeO F
2 :©/ 24 h, rt 83 54:1
Br
MeO. F
3 :©/ 48 h, 45 °C 79 11:1°
|
MeO F
4 :©/ 48 h, 45 °C 75 14:1

NC

O
h, 40 °C 80

v
<
)
e
N
N
=

MeO,C

Me
5h,45°C 44

o3}
éo
n
w
~

EtOC

MeO F
7 D/ 48 h, 100 °C 66 8:1°
MeS
MeO F
8 D/ 3h, rt 75 11:1
MeO,S
MeO F
9 D/ = NR. =
Me
MeO. F
10 D/ = NR. =
Ph
MeO F
11 :©/ 10 min, 60 °C 97 99:1°

O,N

Typical conditions: 2.5-3.5 equiv of KOMe in dioxane at rt (<2% of bis-OMe product
observed).

2 Determined by GC.

b Between 2.5% and 4% of bis-OMe.

reported for the preparation of resorcinol derivatives,'>!® their
functionalization to access a 1,2,4-substitution pattern is typically
unselective.'® The chemistry we have disclosed herein constitutes
a practical and modular strategy to access this class of compounds,
which are versatile building blocks for a variety of interesting bio-
logically active compounds. As shown in Table 4, a second SyAr
reaction is possible and it provides good yields of the desired tri-
substituted aryls. We have demonstrated that a number of activat-
ing groups such as nitrile, sulfone, and bromide can be successfully
used.

In summary, we have developed a general and practical meth-
odology for the selective SyAr reaction using a broad range of com-
mercially available 1-substituted-2,4-difluorobenzene derivatives.

Table 4
Preparation of fully differentially substituted resorcinol derivatives

MeO F base MeO OR
X solvent X

Yield (%)

Entry Product Condition

OMe
1 Me0:©/0\/©/ A 75
Br
MeO (0]
Br
MeO. O._Me
3 D/ WIVI; A 66
Br
MeO. O.__Me
: o e
MeO,S
MeO. O.__Me
5 :©/ Y B 90
Me
NC

Typical conditions: (A) 2.0 equiv of alcohol and 2.4 equiv of NaH in DMF at 100 °C.
(B) 2.0 equiv of alcohol and 1.9 equiv of ¢-BuOK in THF at rt.

>

69

This approach was used in the kilo-scale preparation of 2-bromo-
5-fluoroanisole in high yield and selectivity. This strategy also en-
ables the preparation of fully differentially substituted resorcinol
derivatives.
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