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New Pyrimidylboronic Acids and Functionalized Heteroarylpyrimidines by
Suzuki Cross-Coupling Reactions
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We report the synthesis of 2-chloro-5-pyrimidylboronic acid
(6) and 2-amino-5-pyrimidylboronic acid (8) by lithium–halo-
gen exchange followed by reaction with triisopropylborate.
Their reactivity with heteroaryl halides in Suzuki–Miyaura
cross-coupling reactions has been evaluated. New highly
functionalized 5-heteroarylpyrimidine derivatives 24–33

Introduction

For the contemporary synthesis of functionalized biaryl
and heterobiaryl systems, transition-metal-catalyzed reac-
tions have had a major impact.[1] Notably, the Kumada–
Corriu, Negishi, Suzuki–Miyaura and Stille cross-coupling
protocols have been widely exploited to obtain various tar-
gets in such diverse areas as new pharmaceutical products[2]

and fluorophores for materials chemistry applications.[3]

This cross-coupling chemistry is considerably more chal-
lenging and is less well-developed where both partners are
heteroaromatic.[4] Difficulties with preparation and purifi-
cation have limited the range of borylated heterocycles
which are readily available.[5] Arylboronic acids and their
ester derivatives generally have the advantage of air-stability
(in contrast to zinc, magnesium, copper and tin analogues,
etc.), although protodeboronation can impose a significant
limitation with more electron-deficient derivatives,[6] espe-
cially when the boronic acid/ester group is adjacent to nitro-
gen, e.g. 2-pyridylboronic acid. The good functional group
compatibility and low toxicity of boronic acids/esters, com-
bined with low-cost starting materials, has led to a recent
surge of interest in their synthesis and applications.[7] Lith-
ium–halogen exchange[8] or directed ortho metalation
(DoM)[9] followed by borylation are the usual routes to het-
erocyclic boronic acid/ester derivatives. By using these pro-
tocols, functionalized pyridylboronic acids have been inten-
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(heteroaryl = quinoline, pyridine, pyrimidine, pyrazine, thio-
phene, benzothiazole) have been obtained in synthetically
useful yields. The X-ray structure of 6 reveals extensive
intermolecular O–H···N hydrogen bonding in the crystal.
(© Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim,
Germany, 2007)

sively studied in recent years.[10] Iridium-catalyzed C–H
coupling between bis(pinacolato)diboron and pyridine de-
rivatives provides an alternative access to pyridylboronic es-
ters.[11]

In contrast to the extensive work on pyridyl deriva-
tives,[10,11] pyrimidylboronic acids have been largely ne-
glected, although derivatives 1 and 2 were synthesized in
early work.[12] Recently, the parent 5-pyrimidylboronic acid
(3) and 2-methoxy-5-pyrimidylboronic acid (4) were ob-
tained in synthetically useful quantities by lithium–halogen
exchange reactions on 5-bromopyrimidine and 2-methoxy-
5-bromopyrimidine, respectively, followed by reaction with
triisopropylborate (Figure 1).[13]

Figure 1. Structures of previous pyrimidylboronic acids.

Given the considerable interest in specifically function-
alized pyrimidine derivatives[14] and azabiaryls in gene-
ral,[15] it is clearly of value to explore new pyrimidylboronic
acids. They offer great potential as versatile reagents for
high-throughput library synthesis of druglike compounds.
For example, pyrimidine scaffolds have been used recently
in the synthesis of kinase inhibitors.[16] We now describe
the synthesis of 2-chloro-5-pyrimidylboronic acid (6) and 2-
amino-5-pyrimidylboronic acid (8) and demonstrate their
cross-coupling reactions with a range of heteroaryl halides
to provide expedient routes to heteroarylpyrimidine deriva-
tives.
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Results and Discussion

Lithium–halogen exchange of 5 (nBuLi in THF/toluene)
in the presence of triisopropylborate (TPB) followed by an
aqueous acid workup gave pure 6 in 85% yield. A sequen-
tial addition method (adding the TPB after the lithiation)
gave 6 in only 15% yield. It is known that the precise reac-
tion conditions and the order of addition of reagents can
be crucial for the successful preparation of certain heteroar-
ylboronic acids (Scheme 1).[10d]

Scheme 1. Reagents and conditions: (i) nBuLi (1.2 equiv.), triiso-
propylborate (1.3 equiv.), –78 °C, toluene/THF; (ii) acidification to
pH 5 with 48% aq. HBr.

The structure of 6 was confirmed by X-ray crystallo-
graphic analysis (Figure 2). Notably, the free boronic acid
and not the anhydride (boroxine) structure was observed,
with intermolecular O–H···N hydrogen bonding present in
the crystal. The pyrimidine ring and the planar C(5)BO2

moiety are coplanar within 2.5°.

Figure 2. X-ray crystal structure of 6, showing thermal ellipsoids
(50% probability) and hydrogen bonds (dashed lines).

An analogous route to boronic acid 8 from compound 7
by lithium–halogen exchange, notably in the presence of the
free 2-amino group,[17] gave 2-amino-5-pyrimidylboronic
acid (8) in 25–46% yield after purification. Alternatively,
boronic ester 9 could be prepared by the palladium-cata-
lyzed reaction of 2-amino-5-bromopyrimidine (7) with bis-
(pinacolato)diboron and then cross-coupled in situ
(Scheme 2).[18] From literature precedents, there is no gene-
ral rule as to whether the boronic acid or an ester derivative
is more suitable for cross-coupling: the systems need to be
evaluated on a case-by-case basis.[19]

Suzuki–Miyaura reactions of 6 and 8 with heteroaryl ha-
lides were carried out under a variety of standard condi-
tions. Data are given in Table 1; in all cases the yields
quoted are for isolated and purified products. For the reac-
tions of boronic acid 6 (entries 1–4), yields were substan-
tially improved by adding tri-tert-butylphosphane to the
standard reaction mixture {[Pd(PPh3)2Cl2], 1,4-dioxane,
reflux} following the protocol of Fu et al.[20]

Yields of the cross-coupled products 24–26 were limited
to ca. 45% because of the concurrent formation of byprod-
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Scheme 2. Reagents and conditions: (i) nBuLi (2.5 equiv.), triiso-
propylborate (1.2 equiv.), –78 °C, THF; (ii) acidification to pH 5
with 48% aq. HBr; (iii) Pd(OAc)2, KOAc, 1,4-dioxane, 80 °C.

ucts (i.e. the bipyrimidine derivative and higher oligomers –
TLC and mass spectroscopic evidence; products not puri-
fied) derived from competitive self-coupling of 6, as ob-
served previously for bromopyridylboronic acids.[10e]

For reactions of 8, iodoheterocycles were generally re-
quired to give high yields of products by using conditions
(b) {[Pd(PPh3)2Cl2], tBu3P, 1,4-dioxane, Na2CO3, reflux}
(entries 8, 11, 14, 18); under these conditions the corre-
sponding bromoheterocycles gave consistently lower yields.
However, for the electron-deficient coupling partners using
bromo derivatives and different conditions {conditions (e):
[Pd2(dba)3]/PCy3, 1,4-dioxane, K3PO4, reflux}[21] resulted in
viable yields of cross-coupling products (43–75%; entries
10, 22 and 24). Chloropyrazine gave 29 in a synthetically
useful yield of 61% (entry 13), (cf. 72% yield of 29 from
iodopyrazine, entry 12). Protodeboronation of 8 to give 2-
aminopyrimidine was a competing side-reaction. The over-
all yield of cross-coupled product could be further im-
proved by a second addition of 8 (1.1 equiv.) to the reaction
mixture after 24 h reflux (entries 9 and 15) to overcome the
loss of 8 by protodeboronation and maintain a viable
amount of 8 in the reaction mixture. However, for practical
purposes the advantage of higher product yield is offset by
the use of more of compound 8.

The halogenated substrates were chosen to demonstrate
the versatility of reagents 6 and 8 to provide new 5-het-
eroarylpyrimidine derivatives (Table 1). A selection of het-
erocycles (quinoline, pyridine, pyrimidine, pyrazine, thio-
phene, benzothiazole[22]) were shown to be applicable. One
phenyl derivative (entries 23 and 24) was included. Func-
tional groups shown to be compatible with the reaction
conditions were: primary amine,[23] ester, bromo and nitro.

A further transformation of 28 has been achieved by re-
action of the aminopyrimidine functionality with 1-bromo-
pinacolone[24] to afford the cyclized derivative 34 in 81%
yield (Scheme 3). The structure of 34 was confirmed by 2D
NMR techniques (see Supporting Information).

Scheme 3. Reagents and conditions: (i) 1-bromopinacolone
(1.5 equiv.), EtOH, reflux, 24 h.
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Table 1. Suzuki–Miyaura cross-coupling of 6 and 8.[a]

[a] Reagents and conditions: (a) [Pd(PPh3)2Cl2], 1,4-dioxane, Na2CO3 (1 ), reflux, 24 h. (b) [Pd(PPh3)2Cl2], tBu3P, 1,4-dioxane, Na2CO3

(1 ), reflux, 24 h. (c) Pd(OAc)2/di-tert-butylphosphanylferrocene (DtBPF), 1,4-dioxane, Na2CO3 (1 ), reflux, 65 h. (d) conditions (b),
with a second addition of boronic acid 8 (1.1 equiv.) after 24 h reflux. (e) [Pd2(dba)3]/PCy3, 1,4-dioxane, K3PO4 (1.27 ), reflux, 1–30 h.

Conclusions
We have successfully synthesized the new pyrimidyl-

boronic acid derivatives 6 and 8. They are stable to storage
under ambient conditions and should prove to be valuable
reagents in pyrimidine chemistry. Suzuki–Miyaura cross-
couplings of 6 and 8 with a selection of heteroaryl halides
(quinoline, pyridine, pyrimidine, pyrazine, thiophene,
benzothiazole) have yielded novel 5-heteroarylpyrimidine
scaffolds, which are suitable for further functionalization,
as exemplified in the synthesis of 34.

www.eurjoc.org © 2007 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim Eur. J. Org. Chem. 2007, 5712–57165714

Experimental Section

General: General details of equipment and techniques used are the
same as those we have reported previously.[10j] All synthetic rea-
gents were used as supplied. Solvents were dried and distilled by
using standard procedures. Iodobenzothiazole (19) was synthesized
by adapting the literature preparation for iodination of thiazole.[25]

Bromobenzothiazole (20) was synthesized by following the litera-
ture preparation.[26]

2-Chloro-5-pyrimidylboronic Acid (6): To a solution of 5-bromo-2-
chloropyrimidine (5) (2.5 g, 13.0 mmol) and triisopropylborate
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(4.2 mL, 18.2 mmol) in anhydrous THF (20 mL) and toluene
(5 mL) at –78 °C was added nBuLi (2.5  in hexane, 6.2 mL,
15.6 mmol) dropwise. The reaction mixture was stirred for 4 h at
–78 °C; it was then quenched with water (40 mL) and warmed to
room temperature with stirring overnight. The organic solvent was
evaporated in vacuo, and the remaining aqueous layer was washed
with diethyl ether (3�10 mL) to remove unreacted starting mate-
rial. The aqueous layer was then acidified to pH 5 (with 48% aq.
HBr) to precipitate 6 as a white solid (1.75 g, 85%); m.p. 200 °C
(decomp.). 1H NMR (400 MHz, [D6]DMSO): δ = 8.87 (s, 2 H)
ppm. 13C NMR (100 MHz, [D6]DMSO): δ = 165.3, 161.8 ppm. MS
(EI): m/z = 157.8 [M]+. C4H4BClN2O2 (158.4): calcd. C 30.34, H
2.55, N 17.69; found C 30.62, H 1.94, N 17.10.

X-ray Diffraction Measurement: The experiment (from a pseudo-
merohedrally twinned crystal) was carried out with a SMART 3-
circle diffractometer with a 1 K CCD area detector by using graph-
ite-monochromated Mo-Kα radiation (λ̄ = 0.71073 Å) and a Cryo-
stream (Oxford Cryosystems) open-flow N2 cryostat. The structure
was solved by direct methods and refined by full-matrix least-
squares against F2 of all reflections by using SHELXTL software
(version 6.12, Bruker AXS, Madison WI, USA, 2001). Crystal
data: 6, C4H4BClN2O2, M = 158.35, T = 120 K, monoclinic, space
group P21/n (no. 14), a = 6.644(2) Å, b = 14.578(4) Å, c =
7.155(2) Å, β = 116.60(1)°, V = 619.7(3) Å3, Z = 4, Dc =
1.697 gcm–3, µ = 0.54 mm–1, 6468 reflections with 2θ � 55°, Rint

= 0.051, R = 0.051 on 1379 data with I �2σ(I), wR(F2) = 0.136
on all 1444 unique data.

CCDC-651541 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/
data_request/cif.

2-Amino-5-pyrimidylboronic Acid (8): To a solution of 2-amino-5-
bromopyrimidine (7) (1.74 g, 10 mmol) and triisopropylborate
(2.9 mL, 12 mmol) in anhydrous THF (50 mL) at –78 °C was added
nBuLi (2.5  in hexane, 10 mL, 25 mmol) dropwise over 1 h. The
reaction mixture was stirred for 3.5 h at –78 °C, then warmed to
–20 °C and quenched with water (50 mL) before being stirred for
30 min. The organic solvent was evaporated in vacuo, and the re-
maining aqueous layer was filtered to remove inorganic salts. The
filtrate was washed with diethyl ether (3�50 mL) to remove unre-
acted starting material, and the aqueous layer was filtered to re-
move inorganic salts. The filtrate was then acidified to pH 6 (with
48% aq. HBr) to precipitate 8 as a white solid. Yields of pure prod-
uct from several reactions varied between 25% and 46%; m.p. �

300 °C. 1H NMR (400 MHz, [D6]DMSO): δ = 8.49 (s, 2 H), 7.96
[br. s, 2 H, B(OH)2] ppm. 13C NMR (100 MHz, [D6]DMSO): δ =
164.1, 163.9 ppm. C4H6BN3O2 (138.9): calcd. C 34.58, H 4.35, N
30.25; found C 34.46, H 4.34, N 30.37.

General Procedure for the Cross-Coupling Reactions

Conditions (a): The boronic acid (1.1 equiv.), the aryl halide
(1.0 equiv.) and [Pd(PPh3)2Cl2] (ca. 5 mol-%) were sequentially
added to degassed 1,4-dioxane[27] (10 mL), and the mixture was
stirred at 20 °C for 30 min. Degassed aqueous Na2CO3 solution
(1 , 3.0 equiv.) was added, and the reaction mixture was heated
under argon at reflux (typically for 24 h). The solvent was removed
in vacuo, then ethyl acetate was added, and the organic layer was
washed with brine, separated, and dried with MgSO4. The mixture
was purified by chromatography on a silica gel column. On some
occasions an additional recrystallization was necessary.

Conditions (b): As for conditions (a) with the addition of tBu3P
(ca. 5 mol-%) to the initial mixture.
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Conditions (c): The boronic acid (1.1 equiv.) the aryl halide
(1.0 equiv.) Pd(OAc)2 (ca. 5 mol-%) and DtBPF (ca. 5 mol-%) were
sequentially added to degassed 1,4-dioxane (10 mL) and the mix-
ture stirred at 20 °C for 30 min. Degassed aqueous Na2CO3 solu-
tion (1 , 3.0 equiv.) was added and the reaction mixture was
heated under argon at reflux (typically for 65 h). The solvent was
removed in vacuo then ethyl acetate was added and the organic
layer was washed with brine, separated, and dried with MgSO4.
The mixture was purified by chromatography on a silica gel col-
umn. On some occasions an additional recrystallization was neces-
sary.

Conditions (d): As for conditions (b), with a second addition of
boronic acid 8 (1.1 equiv.) after 24 h reflux.

Conditions (e): The boronic acid (1.1 equiv.) the aryl halide
(1.0 equiv.) [Pd2(dba)3] (ca. 1 mol-%) and PCy3 (ca. 2.4 mol-%)
were sequentially added to degassed 1,4-dioxane (2.7 mL), and the
mixture was stirred at 20 °C for 30 min. Degassed aqueous K3PO4

solution (1.27 , 1.7 equiv.) was added, and the reaction mixture
was heated under argon at reflux (typically between 1–30 h). The
solvent was removed in vacuo, then ethyl acetate was added, and
the organic layer was washed with brine, separated, and dried with
MgSO4. The mixture was purified by chromatography on a silica
gel column or by recrystallization.

Supporting Information (see footnote on the first page of this arti-
cle): Synthetic details and characterization data for compounds 24–
34. Copies of NMR spectra of compound 34.
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