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ABSTRACT

A one-pot protocol for converting 1,3- and 1,4-substituted aryl halides to arylamine boronate esters is described. This is achieved by sequential
Ir-catalyzed aromatic borylation at the least hindered C −H bond of the aryl halide and subsequent Pd-catalyzed C −N coupling at the halide
position of the crude arylboronic ester.

Metal-catalyzed halide substitution reactions have enhanced
the synthetic utility of halogenated aromatic compounds.
Noteworthy examples include C-C,1 C-N, and C-O2 bond-
forming reactions, which are predominantly Pd-mediated
processes.3 Because the scope of these transformations is tied
to commercial availability of halogenated compounds, pro-
cesses that enable functionalization at nonhalogen sites can
augment the substrate pool. In this regard, Ir-catalyzed
borylation reactions are particularly intriguing because C-H
bonds in halogenated aromatic systems can be converted
selectively to C-B bonds.4,5 We, and others, have shown
that this selectivity enables one-pot elaborations of aryl

halides to phenols, when the boronic ester is oxidized,6 or
to biaryls and polyaromatics when the nascent arylboronate
ester issubjectedtosubsequentPd-mediatedC-Ccoupling.4,5c,7

These results suggest that other metal-catalyzed transfor-
mations of crude arylboronate esters produced from Ir-
catalyzed aromatic borylations might be possible. In this
Letter we describe a one-pot borylation/amination protocol
where aryl halides can be converted to C-borylated anilines.
In addition to requiring that the Pd-catalyzed reaction
operates without interference from Ir species that remain after
borylation, realization of the tandem catalytic process hinges
on the successful differentiation between C-N and C-C
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couplings with an aryl halide when amines and boronic esters
are present in the reaction milieu.

Cross-couplings of aryl boron reagents or amines with aryl
halides constitute two of the most important reactions for
aryl halides. These reactions are typically facilitated by Pd
catalysts in the presence of stoichiometric quantities of base.
Given the similar reaction conditions for C-C and C-N
couplings, attempted catalytic amination of the halogenated
arylboronate ester in Scheme 1 could produce an arylamine

if C-N coupling is favored, polyaromatic products if C-C
coupling dominates, or a mixture of these products if C-N
and C-C formation is competitive.

In terms of literature precedent, the prospects for selective
amination according to Scheme 1 were bleak. As well as
we are aware, there are no examples where C-B bonds
survive during Pd-catalyzed amination conditions. Moreover,
there are numerous examples where cross couplings of
arylboronic acids8 and esters9 are accomplished in the
presence of primary and secondary amines. However, our
examinations of one-pot aromatic borylation/C-C coupling
of arenes offered a ray of hope for the amination pathway
in Scheme 1. Specifically, we found that Suzuki-Miyaura
cross-couplings of pinacolate esters of arylboronic acids were
typically slower than reactions of the arylboronic acids
themselves.10 Moreover, the rates of C-C couplings for
pinacol boronate esters further diminish when the reactions
are carried out under anhydrous conditions. Since virtually
all examples of B-C/C-X cross-couplings of substrates with
amine functionality involve boronic acids or boronate esters
in the presence of either water or hydroxide, we reasoned
that the combination of an aprotic base and an anhydrous,
aprotic solvent offered the best chance for realizing C-N
in lieu of C-C coupling.

After an initial attempt of the one-pot reaction sequence
failed, we explored aminations of the purified borylation
product of 3-chlorotoluene. To our delight, selective C-N
coupling was found by using anhydrous K3PO4 as the base
according to eq 1. Returning to the one-pot sequence, we

examined the effects of the Ir and Pd precatalysts, base, and
solvent on yields for the “one-pot” sequence in Scheme 2.
The results are tabulated in Table 1.

Entries 1-4 examine the effects of the Ir source and the
Ir ligand. While room temperature borylations are prohibi-
tively slow for 3-chlorotoluene, the borylations could be
carried out at 80°C when the Ir ligand was 4,4′-di-tert-butyl-
2,2′-bipyridyl (dtbpy). The best yields of the borylated
arylamine were obtained when borylations were carried out
with the (Ind)Ir(COD)/1,2-bis(dimethylphosphino)ethane
(dmpe) Ir precatalyst/ligand formulation. In all cases, conver-
sion of 3-chlorotoluene to the intermediate boronate ester
was complete. Hence, the variations in yields for entries 1-4
likely arise from the efficiencies of the amination step.

Entries 1 and 5-8 illustrate the effects of the base on the
amination step. K3PO4 and Cs2CO3 are both effective,
whereas NaOtBu and KOtBu gave very low yields of the
amino boronate ester. Entry 5 shows the deleterious effects
of water as the amino boronate ester is not detected when
K3PO4‚nH2O is the base. In contrast to NaOtBu and KOtBu,
where predominance of the intermediate boronate ester
indicates that conversion to the amino boronate is simply
slow, with K3PO4‚nH2O the intermediate boronate ester is
completely consumed. Entries 1, 9, and 10 show that the
amination step is moderately sensitive to variations in the
solvent, with DME giving superior results. Last, entries 1
and 11 illustrate the effect of the Pd precatalyst with Pd2-
dba3 being superior to Pd(OAc)2, the principle difference
being significant generation of the deborylated arylamine for
the latter Pd precatalyst.

Armed with the results from Table 1, we examined the
scope of the borylation/amination sequence for various
3-substituted halobenzenes for which borylation at the
5-position predominates. The general conditions in Scheme
3 were used and the results are listed in Table 2.

The isolated yields for the reactions in Table 2, based on
the starting aryl halide, range from 47% to 83% with an
average yield of 64%. This average corresponds to an 80%
yield for the individual steps, assuming that the borylation
and amination yields are identical. When the pure aryl
boronate ester derived from borylation of 3-chlorotolene was
isolated and subsequently aminated with aniline, the product
in entry 1 was isolated in 60% overall yield based on
3-chlorotoluene, compared to the 75% yield obtained for the
one-pot reaction. Thus, higher isolated yields are realized in
the one-pot tandem reactions where isolation and purification
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Scheme 1. Possible Outcomes for a One-Pot Borylation/
Amination Sequence
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of the intermediate aryl halide boronate esters are avoided.11

Entries 1-4 examine the effect of varying the amine on
aminations of the borylation product of 3-chlorotoluene. The
yields for aniline, morpholine, andN-methylaniline are
excellent, while amination with dibutylamine gave a signifi-
cantly lower yield of the 3-amino boronate ester. Entries 1,
6, 7, 10, and 11 show the effect of varying the Z substituent
in Scheme 3. Electron-withdrawing substituents give lower
yields of the 3-amino boronate esters. Since electron-
withdrawing substituents on aryl boronic acids accelerate
Suzuki-Miyaura cross-couplings, competition from this side
reaction may contribute to the lower yields for electron-
deficient aryl chlorides. Consistent with this notion, small
quantities of aminated biaryls that arise from Suzuki-
Miyaura coupling can be detected in the crude reaction
mixture for entry 8.

Examples of 2- and 4-substituted halogenated benzenes
that react with a high degree of regioselectivity are more
limited. Nevertheless, the results from one-pot borylation/

amination reactions using these substrates suggest that
extensions beyond the regiochemistries in Table 2 are
possible. Because unsymmetrical ortho-disubstituted ben-
zenes typically exhibit poor borylation regioselectivities, the
only 2-substituted halogenated benzene examined iso-
dichlorobenzene. Regioselective borylation at the 4-position
affords an intermediate boronate ester where the chloride
positions are chemically distinct. Thus, synthetic utility
depends on high regioselectivity in the amination step.
Fortunately, the BPin group exerts a directing effect that,
regardless of its origins (i.e., steric or electronic), responds
to variations in the Pd phosphine ligand. While good
regioselectivity is found for PtBu3 (2:1) and 2-dicyclohexyl-
phosphino-2′-(dimethylamino)-1,1′-biphenyl (6:1), 2-(dicy-
clohexylphosphino)biphenyl gave superior results affording
a 19:1 ratio of isomers in the isolated product favoring
amination at the chloride position para to the BPin group.
With the exception of regioselective amination at the
2-position of 2,3-dichloropyridine,12 regioselectivities of this
type have not been previously reported.

p-Dichlorobenzene similarly affords a single monoboryl-
ated product where the chloride positions are also chemically
distinct. For this substrate, a 2-fold excess of arene is required
to minimize diborylation. Consequently, the intermediate
boronate ester was isolated. In contrast to the one-pot reaction
for o-dichlorobenzene, subsequent amination of this boronate
ester with aniline was less efficient and less regioselective,
and deborylation was also observed. Attempts to isolate the
pure amino boronate esters were unsuccessful.

When the 4-subtituent in 4-substituted chlorobenzenes is
sufficiently large, borylation at the 2-position predominates.
For example, 4-(trifluoromethyl)chlorobenzene affords a 95:5

(11) For a discussion of costs involved in product isolation, see:
Anderson, N. G.Org. Process Res. DeV. 2004, 8, 260-265.
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Scheme 2. One-Pot Borylation/Amination of 3-Chlorotoluene

Table 1. Effects of Ir and Pd Precatalyst, Base, and Solvent on One-Pot Borylation/Amination of 3-chlorotoluene

entry Ir precatalyst Ir ligand borylation conditions Pd precatalyst base solvent GC yielda

1 (Ind)Ir(COD) dmpe 150 °C, 18 h Pd2dba3 K3PO4 DME 93
2 (Ind)Ir(COD) dppe 150 °C, 18 h Pd2dba3 K3PO4 DME 89
3 (Ind)Ir(COD) dtbpy 150 °C, 18 h Pd2dba3 K3PO4 DME 87
4 [Ir(µ-OMe)(COD)]2 dtbpy 80 °C, 24 h Pd2dba3 K3PO4 DME 87
5 (Ind)Ir(COD) dmpe 150 °C, 18 h Pd2dba3 K3PO4‚nH2O DME 0
6 (Ind)Ir(COD) dmpe 150 °C, 18 h Pd2dba3 Cs2CO3 DME 88
7 (Ind)Ir(COD) dmpe 150 °C, 18 h Pd2dba3 NaOtBu DME 18
8 (Ind)Ir(COD) dmpe 150 °C, 18 h Pd2dba3 KOtBu DME 10
9 (Ind)Ir(COD) dmpe 150 °C, 18 h Pd2dba3 K3PO4 dioxane 85

10 (Ind)Ir(COD) dmpe 150 °C, 18 h Pd2dba3 K3PO4 toluene 84
11 (Ind)Ir(COD) dmpe 150 °C, 18 h Pd(OAc)2 K3PO4 DME 56

a GC yields based upon starting arene as an average of three runs.

Scheme 3

Org. Lett., Vol. 8, No. 7, 2006 1409



ratio of 2- and 3-monoborylated products. Subsequent
amination of the crude reaction mixture with aniline and
isolation gives isomerically pure 2-borylated amine. As was
the case forp-dichlorobenzene, approximately 20% of the
intermediate boronate ester suffers deborylation, suggesting
that this may be a general problem for aminations of
chlorides ortho to BPin groups.

In summary, one-pot borylation/amination provides an
efficient protocol for preparing the 1,3,5-arylamino boronate
esters from 3-substituted aryl halides. The one-pot sequence
can be extended to ortho- and para-substituted chloroben-
zenes. In the case of dichlorobenzenes, a highly regioselective
substitution has been observed para to the BPin group in
the boronate ester derived from the borylation ofo-
dichlorobenzene. The key feature that enables the one-pot
sequence is preference of C-N over C-C coupling when a
primary or secondary amine, a pinacolate boron ester, and
an aryl halide are subjected to Pd coupling conditions where
anhydrous K3PO4 is the requisite base.13,14We are presently
evaluating the generality and pursuing applications of this
selectivity.15
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Table 2. Preparation of 1,3,5-Arylamino Boronate Esters by
One-Pot Aromatic Borylation/Amination of aryl halidesa

a General synthetic procedure: In a drybox, aryl halide (2.0 mmol),
HBPin (4.0 mmol), (Ind)Ir (COD) (0.04 mmol), and dmpe (0.04 mmol)
were transferred to a thick-walled, air-free flask equipped with a magnetic
stirbar. The flask was sealed and the mixture stirred at 150°C until the
arene was consumed (GC-FID). The cooled reaction mixture was placed
under vacuum for 1-2 h, after which anhydrous K3PO4 (2.8 mmol), Pd2dba3
(0.02 mmol), P(t-Bu)3 (0.06 mmol), amine (2.4-2.6 mmol), and DME (3
mL) were added. The mixture was stirred at 100°C until the boronate ester
was consumed (GC-FID). See the Supporting Information for specific
reaction conditions.b Isolated yields based upon an average of two runs.
c Dppe was used in the borylation step.d Small amounts of aminated
biphenyls were detected.

Table 3. One-Pot Borylation/Amination of Ortho- and
Para-Substituted Chlorobenzenesa

a See Supporting Information for specific reaction conditions.b Isolated
yield based upon an average of two runs.c The intermediate boronate ester
was isolated.d Upon consumption of the boron pinacolate ester, substantial
aniline remained. Approximately 87% of the arene starting material is
unaccounted for in the GC analysis of volatile products.
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