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Suzuki-type Pd(0) coupling reactions in the synthesis of
2-arylpurines as Cdk inhibitors

Lucie Vandromme,a Sandrine Piguel,a Olivier Lozach,b Laurent Meijer,b

Michel Legraverenda,* and David S. Griersona

aUMR 176 CNRS-Institut Curie, Institut Curie Section de Recherche, Bât. 110, Centre Universitaire, 91405 Orsay, France
bCNRS, Cell Cycle Group, Station Biologique, BP 74, 29682 Roscoff, France

Received 18 February 2006; revised 17 March 2006; accepted 18 March 2006

Available online 17 April 2006
Abstract—A new series of 2-aryl-substituted purine derivatives has been synthesized by Suzuki Pd(0) coupling reactions. Moderate
in vitro inhibitory activity against Cdk1 and Cdk5 was observed. These compounds are inactive against GSK3.
� 2006 Elsevier Ltd. All rights reserved.
2,6,9-Trisubstituted purines have been extensively stud-
ied as cyclin dependent kinase (Cdk) inhibitors (1–3).1

As a consequence considerable effort has been made to
develop strategies for the solution-phase and the solid-
phase synthesis of trisubstituted purine libraries.1a,d,2

This effort has been further kindled by the influx of re-
sults from the screening of purine derivatives against a
wide panel of therapeutically relevant protein targets.
Indeed 2,6,9-trisubstituted purines find potential thera-
peutic application as inhibitors of microtubule assem-
bly,3 Src and c-Kit (4),4 p38a MAP kinase (5),5

sulfotransferases,6 phosphodiesterase,7 and adenosine
receptor antagonists.8 It is thus of interest to continue
the development of methodology for the synthesis of
polyfunctionalized purines, and in particular processes
permitting C–C bond formation at C-2 and C-6. Explo-
ration in this direction has led to the development of the
C-2 acetylenyl purine compounds 3a,b as Cdk1 inhibi-
tors,1d,2c and more recently to the exciting discovery of
compounds 44 and 55 (Fig. 1).

In this communication, we describe the synthesis of a
series of 2-aryl-substituted purines using very efficient
Pd(0) Suzuki coupling conditions,5,9 and the evaluation
of these compounds as Cdk1/cyclinB, Cdk5/p25, and
GSK-3b inhibitors. As a wide range of substituents on
the (hetero)aryl moiety are tolerated in Suzuki cou-
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plings, this reaction has considerable potential for appli-
cation to the construction of polyfunctionalized purine
libraries.

Purine based Cdk inhibitors often contain an anilino or
benzylamino-type substituent at C-6. However, for the
present study it was of interest to test compounds pos-
sessing a 2-methoxyethylamino substituent at C-6 (see
Ref. 10) in combination with different aryl motifs at
C-2. A hidden reason behind the choice of this C-6
amine motif is the option to eventually incorporate it
into a linker arm for solid-phase synthesis of trisubsti-
tuted purines using Suzuki reaction methodology.

Intermediate 7 was readily prepared by reaction of
6-chloro-2-iodopurine 6 with 2-methoxyethylamine in
hot EtOH for two days (90% yield) (Scheme 1). As little
was known concerning the Pd(0) coupling reaction of
2-iodopurines bearing an electron-donating amino
group at C-6,2f,9 different conditions were explored to
optimize the coupling of 7 with 4-formylphenylboronic
acid to give compound 8. In the reaction using either
Pd2(dba)3 or Pd(PPh3)4 as catalyst (5 mol %), K2CO3

as base (1.25 equiv), 1.5 equiv of the boronic acid, and
DMF as solvent (120 �C, 16–48 h) the yield of 8 was
poor (<20%). Moderate improvements in product yield
(30–55%) using these catalysts were obtained on chang-
ing the solvent to THF–H2O (4/1) (80 �C, 3–18 h). Opti-
mum yields (70-77%) were obtained at higher
temperature (100 �C) using dioxane–H2O (4/1) as the
solvent mixture, a larger excess of potassium carbonate
base (5 equiv) and Pd(PPh3)4 as the catalyst (5 mol %).
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Table 1. Enzymatic (IC50 in lM) evaluation of the compounds on

Cdk1, Cdk5, and GSK3, as described13

Compound Cdk1/cyclin B Cdk5/p25 GSK-3b

811 1.4 1.4 >100

9 2.5 2.8 >100

1011 2.3 3 >100

11 3.1 1.8 >100

12 4.2 3.4 >100

13 4.4 4 >100

1411 3.2 4.9 >100

15 2.3 2.2 >100

17 1.5 1.3 >100

3a1d 0.06 nd nd

3b1d 0.23 nd nd

nd, not determined.
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Scheme 1. Preparation of 2,6,9-trisubstituted purines. Reagents and conditions: (i) 6 (1 g, 3.1 mmol), NEt3 (0.43 ml, 3.1 mmol), amine (6.2 mmol) in

abs EtOH (60 ml), 60 �C, 2 days; (ii) 7 or 16 (0.5 g, 1.38 mmol), boronic acid (1.5 equiv), K2CO3 (0.95 g, 6.9 mmol), Pd(PPh3)4 (80 mg, 0.07 mmol),

degassed H2O (3 ml), degassed dioxane (12 ml), 100 �C, 2–5 h.
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Figure 1. Purine derivatives with potent inhibitory activities against Cdk (1–3), Src (4), and MAPK (5).
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These conditions were subsequently used to prepare the
2-aryl substituted purine derivatives 8–13 from 7 (76–
98% yields). The cross-coupling of 7 with 5-acetylthio-
phene-2-boronic acid and 5-cyanothiophene-2-boronic
acid to give compounds 14 and 15 was similarly studied.
However, for the synthesis of 15, the reaction did not go
to completion, even by using 4 equiv of 5-cyanothioph-
ene-2-boronic acid and prolonged reaction time. For
comparison purposes, the purine derivative 17 (58%)
was also prepared by reaction of the 6-benzylamino-
substituted purine 16 with 4-formylphenylboronic
acid.11

The 2-(hetero)aryl-substituted purines 8 to 15 are mod-
erate (IC50 = 1.4–4.9 lM) inhibitors of Cdk1 and Cdk5
(Table 1). These molecules are slightly more active than
the archetypical Cdk inhibitor olomoucine (IC50 =
7 lM), but much less so than for the related 2,6,9-trisub-
stituted purines roscovitine and purvalanol A
(IC50 = 0.45 and 0.004 lM, respectively), and the acetyl-
ene based Cdk inhibitor 3a (Table 1).1d Compounds 8
and 17 were nearly equipotent in their activity, and both
compounds were about five times less active than the
acetylene derivative 3b. As found for the related 2,6,9-
trisubstituted purines roscovitine and purvalanol, no
inhibition of GSK3 was observed (competing GSK-3b
inhibition is frequently observed for non-purine based
inhibitors of Cdk1/cyclin B).12 No rationale for this
specificity with respect to Cdk for purine inhibitors
has been proposed to date.

It is known10 that the presence of a phenyl (or benzyl)
substituent at C-6 is not necessary for anti-Cdk activity
and that short linear substituents at C-6, such as the
methoxyethylamino group in purine 8, confer about
the same inhibitory activity (compare 8 and 17). In
addition, the presence of a phenyl group at C-2 is not
detrimental to the inhibitory activity, although all the
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para-substituted phenyl derivatives at C-2 display the
same order of activity against Cdk 1 and 5.

These results are encouraging, suggesting that the Suzu-
ki cross-coupling reaction can be used to construct new
more active Cdk inhibitors. In particular, it will be inter-
esting to screen the anti-Cdk activity of other C-2 meta-
or ortho-substituted (hetero)aryl purine derivatives.
Taking into consideration the potent activities revealed
for the purines 4 and 5, 2-(hetero)aryl-substituted pur-
ines may also display activity against other protein
targets.
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