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acids in the presence of Cu(II)
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Abstract—9-Arylpurines are efficiently formed with complete regioselectivity when purines are treated with arylboronic acids in
the presence of copper(II) acetate. A variety of substituents on both coupling partners are well tolerated. © 2003 Elsevier Science
Ltd. All rights reserved.

Several 9-arylpurines are agonists or antagonists for
various receptors, such as adenosine receptors,1 and
corticotropin-releasing hormone receptors,2 and for
enzymes like xanthine oxidase,3 phosphatidylinositol
4-kinase,4 adenosine deaminase,5 and guanosine deami-
nase.6 Other bioactivities reported include antitumor
activity,7 antimicrobial activity,8 and plant growth stim-
ulating effects.9

We have recently reported profound antimycobacterial
activity for 6-aryl-9-benzylpurines as in compound 1
(Fig. 1),10 whereas the 9-phenylethylpurine derivative 2
was only moderately active. In order to gain further
insight into the structural requirements for active
antimycobacterial purines, we needed easy access to
9-arylpurines such as compound 3.

Whereas 9-alkylpurines are readily available by direct
N-alkylation of purines in the presence of a base11 or
under Mitsunobu conditions,12 9-arylpurines 6 are gen-
erally formed by the reaction of arylamine with
chloropyrimidines 4 followed by ring closure as
depicted in Scheme 1.13 The required starting chloropyr-
imidines are not always readily available and this route
contains an additional step compared with direct N-
alkylation of the purine.

An alternative method for the construction of 9-aryl-6-
oxopurines 8 where appropriately substituted 1-arylimi-

dazoles 7 are reacted with formamide or ethyl
chloroformate in DMF, has also been reported (Scheme
2).14

Figure 1. Structure of known and potential antimycobacterial
purines 1–3 as well as inhibitory activity against Mycobac-
terium tuberculosis found for compounds 1 and 2.
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Recently, efficient procedures for N-arylation of amines,
amides and heterocyclic NH-functions have been devel-
oped. The most commonly used strategy is based on Pd-,
Ni- or Cu-catalyzed N-arylation with aryl halides or
arylsulfonates.15 In addition, a Cu-mediated N-arylation
under very mild conditions employing arylboronic acids
has been developed16 and used for N-arylation of
pyrroles,17 diazoles18 and pyridones.19 N-Arylation of
exocyclic NH-functions in purines employing the
Hartwig–Buchwald strategy has been reported,20 but
except for a single example of N-arylation of 2,6-
dichloropurine,21 no one has, to the best of our know-
ledge, studied direct N-arylation of the purine ring
nitrogen. We herein report that purines with a variety of
substituents, can be efficiently arylated at N-9 with
complete regioselectivity and in most cases high
chemoselectivity, when treated with arylboronic acids in
the presence of copper(II) acetate.

Purines 9 were reacted with an excess of aryl boronic acid
10 in the presence of copper(II) acetate, molecular sieves
and a base (Scheme 3, Table 1).22,23 Initial screening of
bases and/or Cu-ligands revealed that phenanthroline
gave somewhat better yields than triethylamine, pyridine,
2,2�-bipyridine, TMEDA and N,N �-diarylethanedi-
imines. Both electron-donating and electron-withdraw-
ing substituents on the aryl boronic acids 10 were
tolerated. For some reactions the isolated yields were
somewhat reduced due to tedious separation of the
product from the arylboronic acid anhydrides formed.

Even though 6-chloropurines react with aryl boronic
acids to give 6-arylpurines under Suzuki coupling condi-

tions,24 only N-arylation took place when 6-chloropuri-
nes were reacted with boronic acids in the presence of
copper (entries 1–8). In contrast to N-alkylation of
purines, Cu mediated N-arylation of benzodia-
zoles,18a,18b and the recently reported N-arylation of
2,6-dichloropurine,21 the reactions were completely
regioselective, resulting only in arylation at N-9. The
primary amino group in 6-chloroguanine (entry 8) was
unaffected. N-Arylation of adenine was, however, not
successful (entry 9), most probably due to solubility
problems. Thiols are easily arylated by boronic acids/
Cu25 or aryl halides/Pd26 and 6-mercaptopurine reacted
with excess phenylboronic acid to give the N,S-diaryl-
ated product in high yield (entry 11).

The melting points found for the known N-arylpurines
6a–6f and 6i, were in good agreement with those
reported when the 9-arylpurines were formed by ring
closure reactions (see Table 1). The structural assign-
ments were also based on HMBC NMR spectroscopy
where a long range correlation between C-1 in the aryl
substituent and H-8 in the purine indicate that the aryl
group was located on the nitrogen in the imidazole part
of the purine. 13C NMR spectroscopy can be used to
distinguish between N-7 and N-9 substitution in puri-
nes,27 and the 13C NMR spectra of compounds 6 were
in good agreement with those previously reported for
N-9 substituted purines. Furthermore, NOESY spec-
troscopy of the compounds displayed correlations
between the N-aryl protons and H-8 (Fig. 2), but not
between the aryl protons and H-2 or protons in the
6-substituent.

Figure 2. NOESY correlations between the N-aryl group and
H-8 in selected purines 6.Scheme 3.

Table 1. Cu-mediated reaction between purines 9 and arylboronic acids 10

Entry Mp/°C (mp Lit.)Yield (%) 6aR2R1YX

H Cl1 H 195–197 (202–203)1371, 6aH
179–181 (170–172)14H2 68, 6bCH3HCl

H3 202–204 (201–203)3aOCH3HCl 52, 6c
221–223 (220–222)1341, 6dClHH Cl4

73, 6eHClH Cl5 199–201 (208–210)14

239–241 (244–246)7a52, 6fHH6 ClCl
Cl H CH37 48, 6gCl 202–204
Cl H H8 42, 6hNH2 251–252

–n.r.bHH9 NH2H
SCH3 H H10 76, 6iH 146–148 (148–149)13

HHSH/SPhcH11 168–17181, 6j
2-Thienyl12 189–19168, 6kHHH

a Yield of isolated product.
b No reaction, probably due to poor solubility of the starting material.
c 6-Mercaptopurine was converted to 9-phenyl-6-phenylthiopurine.
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The 9-aryl-6-chloropurines described herein, have been
converted to 9-aryl-6-(2-furyl)purines and these com-
pounds are currently being examined as
antimycobacterials.
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