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ABSTRACT

Amine alkylation reactions of alcohols have been performed in the presence of boronic ester groups to provide products which are known to have
use as molecular sensors. The boronic ester moiety could be present in either the alcohol or amine starting material and was not compromised in
the presence of a ruthenium catalyst.

In recent years a great deal of attention has been focused
on the alkylation reaction of amines, particularly the reac-
tionof anaminewithanalkyl halidewhich is anelectrophilic
alkylating agent.1 However, alkylation reactions can prove
difficult to control and the product is often over alkylated.2

There has been significant recent interest in the alkyla-
tion of amines with alcohols using hydrogen transfer

catalysts as an alternative to conventional alkylation
procedures.3,4

The hydrogen transfer catalysts operate by an activation
of the alcohol to an aldehyde in a process that we have
termed “Borrowing Hydrogen Methodology”.5

The borrowing hydrogen method typically uses ruthe-
nium or iridium as the catalyst and takes the hydrogen
from the alcohol 1 to form the aldehyde 2. This aldehyde
can react with an amine to form an imine 3, and the
hydrogen is then returned to give a C�N bond in product
4 (Scheme 1).1e,5e,6

This methodology generates water as the only reaction
byproduct and allows alcohols to replace more conven-
tional, but often toxic, alkyl halides as the alkylating agent.
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Herein we report a simple one-pot reaction to generate
amines with pendant boronic acid derivatives, using either
an alcohol tethered to a boronic ester with an amine or
an amine tethered to a boronic ester with an alcohol. These
reactions are catalyzed by [Ru(p-cymene)Cl2]2 in the pre-
sence of a bidentate phosphine ligand to form secondary or
tertiary amines containing a boronic ester moiety.
In order to simplify handling and reaction workup

we protected boronic acid with pinacol using standard
methodology.7

We wanted to explore the use of Borrowing Hydrogen
Methodology for the preparation of boronic acid building
blocks which have been extensively used in the construc-
tion of sensors for saccharides and anions.8 We chose to
investigate the couplingofboronic ester containing alcohol
5a with morpholine 6.

As shown inTable 1, the reactionwas unsuccessful in the
absence of a catalyst or ligand (entries 1 and 2). However,
the use of eitherDPEphos or dppf led to good conversions
into the corresponding coupled product 7. We were parti-
cularly pleased that the boronic ester survived the reaction

Scheme 1. Borrowing Hydrogen Strategy in the Alkylation of
Amines with Alcohols

Table 1. Alkylation ofMorpholine by Boronic Ester Alcohol 5aa

entry catalystb mol % ligand mol %

yield

(%)c

1 none � none � 0

2 Ru 1 none � 0

3 Ru 1 DPEphos 2 40

4 Ru 2.5 DPEphos 5 84

5 Ru 1 Dppf 2 16

6 Ru 2.5 Dppf 5 62

aThe reaction was carried out with boronic ester alcohol (1.0 mmol)
with morpholine (1.0 mmol), catalyst (2.5 mol %), and base Na2CO3

(10 mol %) at 155 �C for 24 h. bRu = [Ru(p-cymene)Cl2]2.
c Isolated

yield by recrystallization.

Table 2. Formation of Amines Containing a p-Boronic Ester
Groupa

aThe reaction was carried out with boronic ester alcohol (1.0 mmol)
with amine (1.0 mmol). bBoronic ester alcohol/amine (2:1), 5 mol %
catalyst, 10 mol % ligand, and 20 mol % base. cR = B-pinacolato.
d Isolated yield by recrystallization. ePercentage conversion since the
product could not be isolated cleanly.
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conditions, since boronic acid derivatives have well-estab-
lished chemistry with many transition metal catalysts.3c,9

Yet, more forcing reaction conditions were required than
those for substrates which do not contain boronic esters.
[Ru(p-cymene)Cl2]2 is a simple, commercially available

catalyst precursor, andwe chose to use the [Ru(p-cymene)-
Cl2]2/DPEphos combination for the N-alkylation of other
alcohols.10 Table 2 contains the results obtained when the
para-substitutedboronic ester substrate5awasused.Table 3
contains the results obtained when the meta-substituted
boronic ester substrate 5b was used. The corresponding

Table 3. Formation of Amines Containing a m-Boronic Ester
Groupa

aThe reaction was carried out with boronic ester alcohol (1.0 mmol)
with amine (1.0 mmol). bBoronic ester alcohol/amine (2:1), 5 mol %
catalyst, 10 mol % ligand, and 20 mol % base. cR = B-pinacolato.
d Isolated yield by recrystallization. ePercentage conversion since the
product could not be isolated cleanly.

Table 4. Formation of p-Boronic Ester Amine by N-Alkylation
with Alcoholsa

aThe reaction was carried out with boronic ester amine (1.0 mmol)
with alcohol (1.0 mmol). bR= B-pinacolato. c Isolated yield by recrys-
tallization.

Table 5. Formation ofm-Boronic Ester Amine byN-Alkylation
with Alcoholsa

aThe reaction was carried out with boronic ester amine (1.0 mmol)
with alcohol (1.0 mmol). bR= B-pinacolato. c Isolated yield by recrys-
tallization.
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ortho-substituted boronic ester did not undergo clean
amination under these reaction conditions.
We were pleased to find that alcohol 5a and 5b were

successfully aminated with a range of amines, with good
isolated yields being achieved in most cases. The use of
a sulfonamide (Table 2, entry 5) was an exception to this,
and this was also found to be the case in the amina-
tion of the corresponding m-substituted product (Table 3,
entry 5). Nevertheless, other amines, including anilines,
could be used in the reaction.
The general applicability of the reaction was further

confirmed by condensation of the para-boronic ester alco-
hol 10 andmeta-boronic ester amine 11 (Tables 4 and 5) to
form bis-boronic ester 12 (Scheme 2).
We also used the strategy to prepare a known saccharide

sensor 1312 in 84% yield (Figure 1; the success of this

reaction is probably due to the use of the less sterically
demanding methyl substituted secondary amine); the
unprotected sensor was prepared for comparison using
a standard reductive amination procedure in 54% yield.
Identical fluorescence behavior of the two sensors with
added saccharides was observed (the protecting group is
displaced under themeasurement conditions)13 and clearly
demonstrates the validity of our new synthetic procedure
in the preparation of fluorescence sensors for saccharides
(Supporting Information). We are currently exploring the
use of our procedure in the preparation of novel imprinted
material based sensors.
In summary, the [Ru(p-cymene)Cl2]2/DPEphos/

Na2CO3 conditions were found to be effective for the
synthesis of amines with pendant boronic ester groups.
These compounds and their derivatives have impor-
tant applications as sensors.

Supporting Information Available. Experimental pro-
cedures and characterization of compounds are available
with copies of 1H and 13C NMR spectra for all new
compounds. This material is available free of charge via
the Internet at http://pubs.acs.org.

Scheme 2. Formation of an Unsymmetrical Bis-boronic Ester

Figure 1. Sensor 13.
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