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The synthesis of arylboronic acids and aryl trifluoroborates in a one-pot sequence by Ir-catalyzed borylation of arenes is reported. To prepare

the arylboronic acids, the Ir-catalyzed borylation is followed by oxidative cleavage of the boronic ester with NalO 4. TO prepare the
aryltrifluoroborate, the Ir-catalyzed borylation is followed by displacement of pinacol by KHF 2. These two-step sequences give products that
are more reactive toward subsequent chemistry than the initially formed pinacol boronates.

The chemistry of arylboronic acids and aryltrifluoroborétés  ladium-catalyzed cross coupling reactidfisthodium-
has been developed extensively in the past decade. Theseatalyzed 1,2- and 1,4-additiohsand copper-catalyzed
reagents are air-stable solids that can be stored for longcouplings with phenols to form diaryl ethe&: The stability
periods of time without decompositidt. These reagents of organotrifluoroborates allows substrate elaboration to
undergo a variety of catalyzed and uncatalyzed processesprecede coupling or addition reactichis. many cases, both
In addition to the extensive use of arylboronic acids in the boronic acids and trifluoroborates have been shown to be
Suzuki—Miyaura cross-coupling reaction, these reagentsmore reactive than boronic esters.
undergo halogenations, oxidative aminations, metal-catalyzed The conventional method for the synthesis of arylboronic
additions to imines and iminium ions, metal-catalyzed 1,2- acids involves the use of Grignard or organolithium reagents
and 1,4-additions to aldehydes and olefins, and copper-and starts from aryl halidésAddition of the metalated arene
mediated couplings with phenols and amifés. to a trialkylborate B(OR) followed by hydrolysis of the
Aryl trifluoroborates have been studied as alternatives to boronic ester, generates the arylboronic acid. Arylboronic
boronic acids:® These reagerft§ have been used in pal- acids have also been prepared by palladium-catalyzed
coupling of an aryl halide or triflate with a boron reagent,
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boronic ester to the boronic aciél. The corresponding  from the unfavorable hydrolysis of the pinacolboronates to
trifluoroborates have been synthesized by treating the aryl-boronic acids.
boronic acid or the arylboronic ester with potassium hydro-  Thus, a convenient method to directly convert the arenes
gen difluoride'® Aryltrifluoroborates can also be synthesized to arylboronic acids or to aryltrifluoroborates would enhance
in a one-pot fashion by lithiation of an aryl halide, followed the utility of this C-H activation chemistry. We report a
by trapping with a trialkylborate and addition of an aqueous one-pot method to convert arenes to arylboronic acids and a
KHF; solution? similar one-pot method to convert arenes to aryl trifluoro-
Although these routes to arylboronic acids and aryl borates (Scheme 1). These transformations occur b C
trifluoroborates have been used many times, they have
several limitations. First, the use of organometallic interme- _
diates can limit the tolerance toward functional groups.
Second, the synthesis is limited by the substitution patterns Scheme 1
of haloarenes. This substitution pattern is typically controlled T”E}g“o Ry=
by the regioselectivity of electrophilic aromatic substitution. ] 2 )BoH)
Thus, few 3,5-di i roni i r mmerciall Ry=\ 1] dtopy F
av:iféb?e_ 3,5-disubstituted boronic acids are commercially O T sk QBpm
We have studied the direct, catalytic functionalization of TEE/I;Q 5 ROBFSK
C—H bonds to form boronate estéfswith Ishiyama and 2
Miyaura, we have published the most active catalysts for
the conversion of arenes to arylboronic estérs! This o o
catalyst, herein called the IMH catalyst, is based on the bpnd activation with p|n_acolboror_1ates, foIIowed_by ponvgr—
combination of [I(COD)(OMe)jand ditert-butylbipyridine sion of the e;ters to §10|ds and tnfluoroporates in situ using
(dtbpy), and it catalyzes the borylation of both electron-rich 2du€ous sodium periodate and potassium hydrogen difluo-
and electron-deficient arenes and heteroarenes with bis-1d€, respectively.
pinacolatodiboron (Bin) as the boron source. Smith has ~ To develop a route to arylboronic acids by-8 activation
published catalysts containing bisphosphine ligands thatOf arenes, it was necessary to find a method that would
operate at higher temperatufésThe C—H borylation convert the arylboronic esters to arylboronic acids in the
processes with both catalysts tolerate a variety of functional Presence of the iridium catalyst and in the solvent of the
groups, such as alkoxides, nitriles, esters, and halogens, angatalytic process. Arylboronic esters have been shown to be
the regioselectivity of the borylation processes complementsconverted to the arylboronic acids by an oxidative cleavage
that of electrophilic substitutions. The regioselectivity of the Of the pinacol group by Nalg¥* This oxidative process
arene borylation is largely determined by steric factors rather drives the equilibrium for hydrolysis to the boronic acid by
than by the electron distribution in the arefié? oxidation of the pinacol to acetone, and this oxidant does
Unfortunately, the C—H borylation processes have re- Not convert the boronic acid to the corresponding phenol.
quired the use of pinacol-substituted boron reagents and formThus, a protocol based on this conversion of the pinacol ester
pinacol-substituted boronic esters. These products are con0 the acid should involve a-€H activation step with low
venient to handle, but they are often less reactive than boronicloadings of iridium and a solvent that is both inert to the

acids or trifluoroborates in the transformations described in C—H activation chemistry and suitable for the oxidation step.
the first paragraph?° This lower reactivity results, in part, ~Because the arene borylations are known to be efficient in

THF,*® we tested this medium for the hydrolysis of pinaco-
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C.: Alcaraz, G.; Vaultier, MChem. Commur2003, 2280. produced by arene borylation in the presence of the IMH
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T.; Nobuta, Y.; Hartwig, J. F.; Miyaura, NChem. Commur2003, 2924. systems containing electron-rich and electron-poor aryl
(d) Ishiyama, T.; Takagi, J.; Yonekawa, Y.; Hartwig, J. F.; Miyaura, N.
Adv. Synth. Catal2003,345, 1103.
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Table 1. Conversion of Crude, Isolated Arylboronic Esters to Table 2. Conversion of Arenes to Arylboronic Acids by-G

Arylboronic Acids by Aqueous Nal® Borylation and Oxidative Hydrolysis
entry arene product %yield? entry arene product %yield?
Me Me Me Me
1 DBpin DB(OH)Q 66% 1 @ DB(OH)Z 54%
Me Me Me Me
MeO MeO cl Cl
2 94%
2 @—Bpin §i>—13(om2 7% @ OB(OH)Z
cl Ci
ci cli
FaC, FaC
FsC, FsC,
3 B(OH), 81%
3 Bpin B(OH)» 93%
FaC FsC
FaC FeC FaC FsC
- - o O
o] o]

4 B(OH), 85%
4 Bpin B(OH) 81%
z ° Me Me
MeO MeO Cl Cl
o o
G c B(OH), 90%
5 @—Bpin %i}—s(om2 84% Me o
o o

aThe arylboronic esters were generated by borylation of arene on a 10
mmol scale using 0.1% [Ir(COD)(OMe)hnd 0.2% dtbpy in THF at 80

@] Cl
Me Me
Me Me
°C. Nal&y (15.0 mmol) was added to 5 mmol of crude ArBpin in a 4:1
B(OH)Z 85%
MeO
0 e}

B(OH), 89%

THF/H,0O mixture.® Isolated yield. -

groups. Moreover, the method tolerates functional groups,
such as esters. aBorylation of arene was carried out on a 10 mmol scale using 0.1%
. L . . . [Ir(COD)(OMe)], and 0.2% dtbpy in THF at 80C. NalQ, (15.0 mmol)
The compatibility of the oxidative hydrolysis with residual  was added to 5 mmol of crude ArBpin in a 4:1 THE®mixture.® Isolated

iridium and a THF/water medium made it feasible to develop yields on a 5 mmol scale of arene. Yields are the average of two reactions.
a one-pot protocol for the conversions of arenes to aryl-
boronic acids without the need to remove solvent. This
sequence was evaluated starting directly with the arene. The' H NMR spectroscopy. As shown in Table 2, the desired
catalytic functionalization of the arene was conducted with arylboronic acids were isolated in excellent yields in most
only 0.2 mol % of the combination of [Ir(COD)(OMe)and cases. In particular, 3,5-disubstituted arylboronic acids were
dtbpy as catalyst and JBin, as reagent in THF solvent. selectively synthesized from the corresponding meta-
Commercial arenes were used as received. The resultingSubstituted arene, in most cases in high yields. This
mixture was then diluted with water, and Nal®as added. ~ Methodology encompassed arenes containing ester and
After addition of HCI and extraction into EtOAc, the crude halogen functional groups.

product was isolated. Although more than one catalyst for ~ The major limitation of this protocol is the incompatibility
the borylation of arenes has been repotted2?>we note of the oxidative hydrolysis to electron-rich heteroarylboronate

that the IMH catalyst used in this work allows the-8& esters. For example, attempts to conduct the oxidative
activation to be conducted in an inert solvent, under mild hydrolysis of the C—H borylation products from furan,
conditions, with low loadings of iridiur? thiazole,N-methylimidazole, and 2,6-dimethylpyridine led

A series of examples of this one-pot protocol is shown in to dark reaction solutions containing mixtures of products,
Table 2. The products of these reactions were isolated byas determined byH NMR spectroscopy. Because of this
simply washing the crude boronic acids with hexanes. This limitation, we also sought a nonoxidative method to convert
procedure provided products that were judged to be pure byarylboronlc esters into organoboron reagents that are more

reactive than the esters.

(22) (a) Chen, H.; Schlect, S.; Semple, T. C.; Hartwig, JTRerm., To this end, we studied a one-pot preparation of aryl
(H:gfﬂgsR%g!Oﬁg?ggiguSCtENém?:O&2375}“(:?@,%263'2'25; Sgbg"- (*é)-i trifluoroborates from arenes. Vedejs reported the conversion
Mertins, K. Zapf, A.; Beller, M.J. Mol. Catal. A2004, 207, 21. (d)  Of arylboronic acids to the corresponding potassium aryl-
Shimada, S.; Batsanov, A. S.; Howard, J. A. K.; Marder, TABgew. trifluoroborates by reaction of the esters with KHR a 5:1
Chem., Int. Ed2001,40, 2168. . 13 A e ) )

mixture of MeOH and HO.13 A similar reaction of pinacol

(23) For examples of reactions in neat arene conducted with 0.003 mol . . : .
% and 0.02 mol % Ir, see refs 17 and 18, respectively. boronic esters with KHFin a mixture of THF and kO
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Table 3. Conversion of Arenes to Potassium

Aryltrifluoroborates by C—H Borylation and Displacement of
Pinacol by Fluoride

With these data in hand, we combined the borylation of
the arene in THF catalyzed by the [Ir(COD)(OM#itbpy
system with conversion of the arylboronic ester to the
corresponding trifluoroborate with 6 equiv of Kkl a 1:3
mixture of HO and THF. Removal of the solvent under

ety ;r:ne Mgmdw Teyteld” vacuum, extraction into acetone, and evaporation of the
acetone gave a mixture of pinacol and the desired aryltri-
! @ QBFC’K 61% fluoroborate product.
Me Me It was difficult to find one solvent system that would
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separate the pinacol byproduct from the aryltrifluoroborates.
The aryl trifluoroborates are typically purified by recrystal-
lization from acetonitrile or mixtures of acetone and hex-
anest® However, some of the pinacol crystallized together
with the trifluoroborate from these media. Although solvents
that separated the two materials could be found, the identity
of the solvent depended on the identity of the aryltrifluoro-
borate. A more general procedure involved sublimation of
the pinacol from the crude mixture at 80, and the products
from studies on reaction scope were isolated by this method.

The scope of this synthesis of aryl trifluoroborates from
arenes by C—H borylation and conversion of the ester to
the resulting trifluoroborate is summarized in Table 3. Like
our studies on the reactions to form arylboronic acids, our
studies on the reactions to form trifluoroborates focused on
the synthesis of 3,5-disubstituted products that are lengthy
to generate by classical methods. The reactions occurred with
the more electron-rich and electron-poor meta-substituted
arenes. Like the reactions to form arylboronic acids, they
tolerated the presence of halogens on the arene and occurred
in high yield with an arene bearing a carbethoxy group.

Because of the absence of any oxidant in the conversion
of the boronic esters to the trifluoroborates, this protocol also
allowed for the synthesis of heteroaryl trifluoroborates. As
shown in entried 0 and11, the reaction of benzofuran and
benzothiophene selectively formed the 2-substituted hetero-
aryl trifluoroborates in good to excellent yield.

To summarize, a synthesis of arylboronic acids and
potassium aryltrifluoroborates starting from arenes has been
developed. This one-pot methodology alleviates the need to
initiate the synthesis of boronic acids from halogenated
arenes and to use Grignard or organolithium reagents. More-

2 Borylation of arene was carried out on a 10 mmol scale using 0.1%
[Ir(COD)(OMe)], and 0.2% dtbpy in THF at 82C. KHF; (5.7 mmol) was
added to 5 mmol of crude ArBpin in a 4:1 THR/@ mixture. Isolated
yields on a 5 mmol scale of arene.

over, this sequence generates boronic acids with substitution
patterns that complement the types of substitution patterns
that can be generated from the sequence beginning with the
haloarenes. The commercial availability of [Ir(COD)(OMg)]
dtbpy, and a large number of arenes allows for easy access
to a wide range of new arylboronic acids and trifluoroborates.

would allow a one-pot synthesis of the aryl trifluoroborate.

However, conversion of a stable aryl pinacolboronate ester
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KHF,. Complete conversion to the PhBRnion was

: Supporting Information Available: Experimental pro-
observed, as determined BB NMR spectroscopy.

cedures and spectral data for reaction products. This material
is available free of charge via the Internet at http://pubs.acs.org.

(24) For an example starting with a different type of boronic ester, see:
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