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Iodine reacts with 4,4,5,5-tetramethyl-1,3,2-dioxaborolane (HBpin), under ambient reaction conditions
in THF, to form the iodoalkylborate species 2-(4-iodobutoxy)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane
(4-IboxBpin). Apparently, one-half equivalent of I2 reacts with HBpin to form IBpin in pentanes, which
in turn cleaves THF to form the 4-IboxBpin. Alkyl and aryl Grignard reagents, prepared under Barbier con-
ditions, then react with 4-IboxBpin to form the corresponding alkyl and aryl pinacolboronates while
reforming and liberating THF as the leaving group.

Published by Elsevier Ltd.
Both arylboronic acids and arylboronates have widespread using inexpensive reactants, such as Grignard reagents. Herein,

application over a range of synthetic and biological processes.1

Among these are the use of boronic esters in cross-coupling reac-
tions, such as palladium- and copper(II)-mediated processes.2

Pinacolboronates have also garnished tremendous attention as
coupling partners due to many factors, including their stability in
many different reaction conditions as well as easy handling and
purification. These compounds are often invaluable in the forma-
tion of complex structures and scaffolds of synthetic targets and
used in stereospecific conversions to different functionalities.3,4

Many methods exist for the synthesis of boronic esters, both
simple and functionalized, however each possesses drawbacks.
The most established method for this is the use of an aryllithium
or aryl Grignard reagent added to excess trialkylborate at �78 �C,
with trimethyl-, triethyl-, or triisopropylborate being the most
commonly used alkylborates.5,6 Other methods have since been
developed utilizing different boron sources, such as palladium- or
copper-catalyzed borylation of arylhalides with bis(pinacola-
to)diboron (B2pin2), however only one Bpin moiety is incorporated
into the product.7 Borylation using other expensive transition met-
als, such as rhodium,8 ruthenium,9 and iridium10 also exist, includ-
ing processes utilizing aromatic C–H bond activation.11 We were
interested in developing a new method for the synthesis of pina-
colboronates that can be carried out under ambient conditions
we report the results of our study on the reactions of Grignard
reagents with 2-(4-iodobutoxy)-4,4,5,5-tetramethyl-1,2,3-dioxa-
borolane [4-iodobutoxyBpin, (4-IboxBpin)] boron donor where tet-
rahydrofuran (THF) is extruded as the leaving group.

The most popular borate trapping method developed by Brown
and Cole must be performed at�78 �C and does not work efficiently
with Grignard reagents. Even 2-isopropoxy-4,4,5,5-tetramethyl-
1,2,3-dioxaborolane (iPrO-Bpin) works well only with organometallic
reagents when carried out at�78 �C and generates metal isopropox-
ide byproducts.12 We sought to extend Brown–Cole boronate
synthesis to include inexpensive and green Grignard reagents.

Since iPrO-Bpin reacts as a boron donor with organometallic
reagents,12 we wanted to test the use of 4-iodobutyl-4,4,5,5-tetra-
methyl-1,2,3-dioxaborolane in the borate trapping reaction with
reagents such as organolithiums and Grignard reagents, preferably
at 25 �C. To test the feasibility of this approach, we began exploring
the reaction of I2 and pinacolborane (HBpin). The reaction between
I2 and B-H containing compounds, such as dialkylborane and diam-
inoborane, have been used to cleave cyclic ethers through the
intermediate formation of B-iodo derivatives.13–15 We anticipated
that the reaction between I2 and HBpin in pentane would furnish
IBpin, which in turn should be capable of cleaving the THF ring
in a similar fashion. The resulting 4-iodobutylBpin compound
could be a potential boron donor in borylation reactions, driven
by the favorable recyclization of an iodobutoxide leaving group
to the neutral THF molecule.
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Figure 1. Synthesis of 4-IboxBpin (1).

THF, 25°C, 1 h
B O

O

1 1a
93%

O
BI O

O MgBr

Scheme 1. Reaction of 1 with preformed Grignard reagent.
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Scheme 2. Addition of ArMgBr to 4-iodobutylBpin in Et2O.
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To test this, we began with the addition of HBpin to a solution of
I2 in pentane, producing a dark purple solution. After 30 min of
stirring, THF was added and the solution decolorized over 3 h at
25 �C. Analysis of the product by MS, 1H, 13C, and 11B NMR spec-
troscopy indicated the formation of 4-4-iodobutylBpin (1, 4-IboxB-
pin) (Fig. 1).16

We then studied the potential of 1 as a boron donor by reacting
it with various Grignard reagents. Thus, addition of n-octylmagne-
sium bromide in THF to 1 at 25 �C afforded n-octylBpin in high
yield (Scheme 1).

To check the generality of this methodology and the leaving
group capability of iodobutoxide, we carried out the reaction of 1
with Grignards prepared under Barbier conditions. First, 4-IboxB-
pin was synthesized as described above in toluene and neat 1
was isolated by the evaporation of toluene and any excess THF
under reduced pressure. Its 1H NMR spectrum indicated that no
residual THF was present. Anhydrous diethyl ether (Et2O) was then
added, followed by dropwise addition of 3-chlorophenylmagne-
sium bromide in Et2O at �78 �C to quantitatively trap the liberated
THF. The reaction was stirred for 3 h, producing a white precipitate.
An 1H NMR spectrum of the isolated precipitate in D2O showed the
presence of THF, stemming from the release and subsequent cycli-
zation of iodobutoxide (Scheme 2).17
Table 1
Synthesis of haloaryl pinacolboronates via 4-IboxBpin under Barbier
conditions
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After removal of the precipitate and subsequent aqueous work-
up, the corresponding 3-chlorophenyl pinacolboronate was con-
firmed as the product. Encouraged by this result, we tested this
system with a range of aryl and haloaryl substrates (Table 1).18

In summary, we have developed a method for synthesizing
alkyl and aryl pinacolboronates under Barbier conditions in good
to excellent yields. Through the course of this work, we discovered
a novel boron electrophile, 4-IboxBpin, synthesized via the ring
opening of THF by IBpin. 4-IboxBpin reacts readily with alkyl and
aryl Grignard reagents formed under Barbier conditions to produce
the corresponding alkyl and aryl pinacolboronates while extruding
THF as a leaving group. This is a significant improvement to older
synthetic methods as this reaction is performed at room tempera-
ture, utilizes inexpensive and green Grignard reagents, and liber-
ates neutral THF instead of a basic alkoxide group.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.tetlet.2014.12.
033.
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