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Abstract: A novel synthesis of arylboronic esters by
a reductive electrochemical coupling reaction be-
tween aromatic halides and pinacolborane (HBpin,
pin = pinacolate) has been carried out leading to
arylboronic esters in moderate to good yields.
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Arylboronic acids or esters constitute an important class
of compounds, widely used as coupling agents, allowing
formation of various C-Cl!l and C-heteroatom!? bonds.
The cross-coupling reaction between aryl halides and
arylboronic acids, the Suzuki reaction,’4 constitutes an
efficient and selective method for non-symmetrical Ar-
Ar’ biaryl synthesis. Numerous applications of this
reaction have been reported due to the fact that the
biaryl unit is found in natural products, polymers, liquid
crystals and advanced materials.

The access to arylboronic acids or esters is almost
limited to the reaction of an aryl Grignard® or an
aryllithium reagentl® with a trialkyl borate at low
temperature. These methods require the previous
preparation of the organometallic species, do not allow
much functionality and variable yields of arylboronic
acids are obtained. The use of trialkyl borates for the
electrosynthesis of arylboronic acids has been reported
to occur in moderate yields.[”!

We report here anovel coupling reaction, based on the
use of pinacolborane (HBpin) as an efficient reagent for
the electrochemical functionalisation of aryl halides
under mild conditions. To our knowledge, no electro-
chemical reaction with HBpin or analogous boranes has
yet been reported. Dialkoxyboranes are generally used
in the hydroboration of alkenes and alkynes.®! Pinacol-
borane has been recently reported for the synthesis of
arylboronic pinacol esters from hydrocarbon aromatic
compounds in presence of iridium® or rhodium!
complexes, or from aryl halides using palladium cata-
lysts at 80°C.[1:12]
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The electrochemical boration with HBpin presented
here proceeds through a reductive one-step direct
reaction between the aryl halide and pinacolborane, in
the absence of any metal catalyst. The electrolyses were
carried outin a single-compartment cell in THF, at room
temperature and at constant current intensity, according
to Scheme 1. Pinacolborane acts as an electrophilic and
non-easily reducible borating agent.

The results of the electrosynthesis of several arylbor-
onic pinacol esters are summarised in Table 1.

The electroreduction of phenyl iodide, bromide or
chloride in the presence of HBpin afforded 78 -83%
yields of phenylboronic pinacol ester calculated on
converted halides, (entries 1-3, 46-78% isolated
yields). Interestingly, as shown in entries 3 to 5, the
reaction could be carried out with aryl chlorides, even
with electron-donating substituents, such as p-methyl or
o-methoxy groups. These non-activated chlorides could
be functionalised to afford the corresponding arylbor-
onic pinacol esters in moderate to good yields, though
with low faradic efficiencies (42 —77% conversions after
6 F/mol). In all cases the reaction was very clean, the
only by-product being the Ar-H derivative, which
resulted from the reductive dehalogenation of the
starting halide.

Reactions were generally carried out with 3 equivs. of
HBpin per aryl halide. If 1 or 2 equivs. of the borane
were used, the yields of the corresponding ArBpin were
diminished.

Several tests were carried out with p-tolyl bromide
(entries 6—8). The nature of the electrodes strongly
influenced the results. A magnesium anode proved to be
more efficient than an aluminium or a zinc one for the
synthesis of p-tolylboronic pinacol ester (entries 6 and

1) e, 30 mA
Mg anode
P THF P
ArX + H—B( ————> Ar—B_
') 2) hydrolysis o)
X=Cl,Br, |

Scheme 1. Electrosynthesis of arylboronic pinacol esters from
aryl halides and pinacolborane.
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Table 1. Electrosynthesis of arylboronic pinacol esters from aryl halides and pinacolborane.

Entry Ar-X Anode Cathode F/mol of ArX Recovered Ar-X ArBpin Yield [%]
[%]
1 @' Mg nickel foam 1.5 5 78
2 QBV Mg nickel foam 2.0 — 78
3 QC' Mg nickel foam 6.0 45 46
4 MEO—C' Mg nickel foam 6.0 23 53
OMe
5 @—u Mg nickel foam 6.0 58 22
6 ’V'e‘@—& Mg nickel foam 1.2 7 75
7 Me‘@*” Al stainless steel 4.0 - 19
8 MGO—B' Mg stainless steel 1.2 — 68
9 n'BU_Q—Bf Mg nickel foam 2.0 17 74
Me
10 MGQBf Mg nickel foam 2.0 17 67
Me
OMe
11 @Br Mg nickel foam 2.0 41 40
12 MEOQBF Mg nickel foam 2.0 — 79
13 MeaSiOO—Bf Mg nickel foam 2.0 — 65
14 CF3_©_B' Mg nickel foam 1.0f] 66 20
15 ':_@—C' Mg nickel foam 2.0 45 25
16 C"Q—Bf Mg nickel foam 1.0 55 34
17 Bf‘@*” Mg nickel foam 1.0 68 20

4] The yield was calculated by "F-NMR and by GC analysis.

7). The best yield (81% calculated on converted
substrate) was obtained using a nickel foam cathode
and a magnesium anode (entry 6). The electrolytic
system constituted also an important feature; no reac-
tion occurred in DMF or in acetonitrile as the solvents,
due to their reactivity with pinacolborane.['¥ The use of
THF associated with lithium bis(trifluoromethanesul-
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phonyl)imide as the supporting electrolyte afforded the
best results, as compared to the use of tetraalkylammo-
nium salts.

Other alkyl-substituted aryl bromides were also
selectively functionalised by HBpin. Thus, the electro-
reduction of p-n-butylphenyl bromide gave 89% yield
(based on halide conversion) of the corresponding
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arylboronic ester (entry 9). It is noteworthy that a good
yield was also obtained with 2.4,6-trimethylphenyl
bromide (entry 10, yield of 81% based on halide
conversion), indicating that the reaction was compatible
with sterically hindered aryl derivatives.

With either ortho- or para-methoxy-substituted aryl
bromide derivatives (entries 11 and 12) yields of boronic
esters of 68 and 79% (based on halide conversion) were
obtained, respectively.

The electrolysis of p-trimethylsiloxyphenyl bromide
afforded the corresponding arylboronic pinacol ester in
65% yield with a neutral work-up. The corresponding p-
hydroxyphenylboronic pinacol ester (p-HOC¢H,Bpin)
could be obtained with the same yield under an acidic
work-up (entry 13).

In the case of p-trifluoromethylphenyl bromide (entry
14), the p-trifluoromethylphenylboronic ester was ob-
tained in 58% yield (calculated on converted halide)
after 1 F/mol at a partial conversion. In the presence of
the CF; groups, the electroreduction of the benzylic C-F
bonds occurred as a competitive reaction. When the
electrolysis was continued up to 2 F/mol, the yield of p-
trifluoromethylphenylboronic ester per converted hal-
ide was lowered to 48% and p-pinBCH,C,H,Bpin was
formed as a by-product.

The reduction of other difunctional aromatic halides
was also examined (entries 15-17) and allowed the
access to haloarylboronic acids in 45-75% yields at
partial conversions. Thus, p-fluorophenyl-, p-chloro-
phenyl- and p-bromophenylboronic esters were ob-
tained in 45, 75 and 60% yields per converted halide,
respectively, in entries 15-17, after 1-2 F/mol con-
sumption. The further electroreduction of these deriv-
atives afforded mixtures of phenylboronic pinacol ester
and p-phenylene-bis-boronic pinacol diester.

The yield of arylboronic pinacol esters obtained by
electrosynthesis with several aryl bromides are slightly
better than those reported by a chemical Pd-catalysed
procedure.['112]

Concerning the mechanism of this aryl-boron cou-
pling reaction, a first aryl halide reduction is proposed to
proceed at the cathode, parallel to the oxidation of the
magnesium rod into magnesium ions occurring at the
anode. An ate-type complex between a formal ArMgX
and pinacolborane is likely to be formed as reaction
intermediate, before the final hydrolysis to the arylbor-
onic pinacol ester.

In conclusion, the electrochemical method involving
the direct reductive coupling of aryl halides and
pinacolborane constitutes a novel alternative for the
synthesis of arylboronic pinacol esters. The reaction can
be applied to non-activated aryl chlorides as well as to
hindered aryl halides. With aryl bromides, the yields of
arylboronic esters are in the range of 58 —89% based on
converted halides. The reaction is carried out under mild
conditions, with a very simple electrochemical set-up
and presents several advantages: one step, room temper-
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ature, no catalyst, no previous preparation of organo-
metallic species. Work is in progress to investigate the
reaction mechanism in order to get a better insight into
this novel electrochemical reaction.

Experimental Section

General Electrochemical Procedure

Under inert atmosphere in a single-compartment cell fitted
with a consumable Mg anode and a nickel foam cathode, the
ArX substrate (1 mmol) and HBpin (3 mmol) were added to a
distilled THF solution (20 mL) containing (CF;SO,),NLi (7 x
10-2 M). The electrolysis was carried out at room temperature
and at constant current density (i=0.03 A, j=0.15A x
dm~?), the charge involved during the electrochemical process
being calculated by the time of the electrolysis. After
electrolysis, the solvent in excess was evaporated under
vacuum. The medium was slowly hydrolysed at 0°C with a
10% H,SO, solution until pH 5. The aqueous phase was
saturated with NaCl and extracted with Et,O (3 x 60 mL). The
organic phases were washed twice with an NaOH solution
(pH 8-9) and once with water (pH 7), dried over magnesium
sulphate and concentrated under vacuum. In most cases pure
pinacol esters were obtained after evaporation of the Ar-H by-
products. When necessary, boronic esters were purified by
column chromatography on silica gel with pentane-ether
mixtures as the eluent. The purity of the arylboronic pinacol
esters was checked by 'HNMR and the products were
compared to authentic samples.

Acknowledgements

We thank Rhodia Organique, Lyon, France for financial
support of this work.

References and Notes

[1]a) S. Chowdhury, P.E. Georghiou, Tetrahedron Lett.
1999, 40, 7599 — 7603; b) L. J. GooBen, Chem. Commun.
2001, 669 —670; c) J. Legros, D. Bouvet, B. Crousse, D.
Bonnet-Delpon, J.-P. Bégué, Synthesis 2000, 838 — 842;
d) M. A. Huffman, N. Yasuda, Synlett 1999, 471 — 473,
e) K.-G. Chung, Y. Miyake, S. Uemura, J. Chem. Soc.
Perkin Trans. 1 2000, 15-18; f) M. Haddach, J. R.
McCarthy, Tetrahedron Lett. 1999, 40, 3109 —3112;
g)L.J. GooBen, K. Ghosh, Angew. Chem. Int. Ed.
2001, 40, 3458 —3460; h) T. Ishiyama, H. Kizaki, T.
Hayashi, A. Suzuki, N. Miyaura, J. Org. Chem. 1998, 63,
4726 — 4731; i) M. Ueda, N. Miyaura, J. Org. Chem. 2000,
65, 4450 —4452; j) M. Moreno-Mafas, M. Pérez, R.
Pleixats, J. Org. Chem. 1996, 61, 2346 —2351.

[2] a) D. A. Evans, J. L. Katz, T. R. West, Tetrahedron Lett.
1998, 39, 2937 —2940; b) D. M. T. Chan, K. L. Monaco,
R.-P. Wang, M. P. Winters, Tetrahedron Lett. 1998, 39,
2933 —2936; c) P.S. Herradura, K. A. Pendola, R.K.

asc.wiley-vch.de Adv. Synth. Catal. 2003, 345, 580—-583



Electrosynthesis of Arylboronic Esters

COMMUNICATIONS

Guy, Org. Lett. 2000, 2, 2019 —2022; d) S. Yu, J. Saenz,
J. K. Srirangam, J. Org. Chem. 2002, 67, 1699 — 1702.

[3] For reviews, see: a) N. Miyaura, A. Suzuki, Chem. Rev.
1995, 95, 2457 —2483 and references therein; b) N.
Miyaura, Advances in Metal-Organic Chemistry, 1998,
6, 187 —243; c) A. Suzuki, J. Organomet. Chem. 1999,
576, 147 — 168 and references therein.

[4] For recent examples, see: a) E. G. Ijpeij, F. H. Beijer,
H.J. Arts, C. Newton, J. G. de Vries, G.-J. M. Gruter, J.
Org. Chem. 2002, 67, 169 — 176; b) J. Yin, M. P. Rainka,
X.-X. Zhang, S. L. Buchwald, J. Am. Chem. Soc. 2002,
124, 1162 —1163; c) F. Toudic. N. PIé, A. Turck, G.
Quéguiner, Tetrahedron 2002, 58, 283 —293.

[5] a) R. T. Hawkins, J. Lennarz, H. R. Snyder, J. Am. Chem.
Soc. 1960, 82, 3058 — 3059; b) W. J. Thompson, J. Gaudi-
no, J. Org. Chem. 1984, 49, 5237 — 5243.

[6] a) A.J. Seed, K. J. Toyne, J. W. Goodby, J. Mater. Chem.
1995, 5, 653 —661; b) H. Yamashita, K. Amano, S.
Shimada, K. Narasaka, Chem. Lett. 1996, 537 — 538.

[7] C. Laza, E. Dunach, F. Serein-Spirau, J. J. E. Moreau, L.
Vellutini, New J. Chem. 2002, 26, 373 — 375.

[8] a) H. C. Brown, Organic Syntheses via Boranes, New
York, Wiley-Interscience, 1975; b) C.F. Lane, G. W.
Kabalka, Tetrahedron 1976, 32, 981 — 990.

[9] @) C. N. Iverson, M. R. Smith, J. Am. Chem. Soc., 1999,
121, 7696 — 7697; b) T. Ishiyama, J. Takagi, K. Ishida, N.
Miyaura, N. R. Anastasi, J. F. Hartwig, J. Am. Chem. Soc.
2002, 124, 390 — 391.

[10] a) M. K. Tse, J.-Y. Cho, M. R. Smith, Org. Lett., 2001, 3,
2831 —2833; b)S. Shimada, A.S. Batsanov, J. A. K.
Howard, T. B. Marder, Angew. Chem. Int. Ed. 2001, 40,
2168 —2171.

[11] a) M. Murata, S. Watanabe, Y. Masuda, J. Org. Chem.
1997, 62, 6458 —6459; b) M. Murata, T. Oyama, S.
Watanabe, Y. Masuda, J. Org. Chem. 2000, 65, 164 — 168.

[12] O. Baudoin, D. Guénard, F. Guéritte, J. Org. Chem. 2000,
65, 9268 — 9271.

[13] C. E. Garrett, G. C. Fu, J. Org. Chem. 1996, 61, 3224 —
3225.

Adv. Synth. Catal. 2003, 345, 580—-583 asc.wiley-vch.de

© 2003 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim 583



