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C6-Alkylated purine analogues were obtained in good
to excellent isolated yields by SNAr reaction of 6-
chloropurine derivatives with 3-alkyl-acetylacetone. 3-Alkyl-
acetylacetones were employed as alkylating agents and C6-
alkylated purines were obtained highly selectively within short
reaction time under microwave irradiation conditions. This
work is complementary to the classical coupling reactions for
the synthesis of C6-alkylated purine analogues.

The biological activities of C6 modified purine derivatives span
a wide range from antiviral and antineoplastic to hypertensive.1

In particular, C6-alkylated purine analogues or other (hetero)aryl
derivatives possess a broad spectrum of biological effects such
as cytostatic,2 antiviral3 and antimicrobial activities4 or receptor
modulation.5 For example, 6-methylpurine and its ribonucleoside
have highly cytotoxic6 and antitumor activities.7 So it is not
surprising that the preparation of these purine derivatives has
received considerable attention lately.

The most common method for the synthesis of C6-
alkylated purines is transition metal catalyzed cross coupling
reaction of C6-substituted purines and alkyl organometallics
(eq 1, Scheme 1). In this respect, Suzuki-,8 Stille-,9 Negishi-,10 and
Kumada-11 coupling reactions have all been exploited success-
fully, and various organometallic reagents12 are involved. Hana
Dvořáková et al. synthesized these compounds via a secondary
or tertiary Grignard reagent with 6-chloropurines.13 Michal Ho-
cek et al. reported the synthesis of these compounds via Pd-
catalyzed cross-couplings of 6-chloropurines with Reformatsky
reagent in the presence of ligands.14 6-Methylpurine derivatives
were prepared by Pd-catalyzed cross-couplings of 6-chloropurines
with methylzinc bromide15 or trimethylaluminium.16 Other 6-
alkylpurines were also prepared by Ni-, Fe-, or Cu- catalyzed
couplings of 6-halo or 6-methylsulfanylpurines with Grignard
reagents.17 However, these methods employed either noble metal
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Scheme 1 Different routes for the synthesis of C6-alkylated purines.

catalysts or alkyl organometallic reagents under rigorous reaction
conditions such as anhydrous and nitrogen atmosphere.

We have recently reported the reactions of 6-halopurines with
ethyl acetoacetate to yield 2-(purin-6-yl)acetoacetic acid ethyl
esters, (purin-6-yl)acetates and 6-methylpurines under different
reaction conditions.18 So we predicted that 3-alkyl-acetylacetone
could also be a kind of alkylating agent. Up until now, there has
been no report on the synthesis of alkylated purines, heterocycles,
or arenes using alkyl-acetylacetones as alkylating agents. On
the basis of our research interest toward the modification of
purines,19 herein, we describe new results concerning the synthesis
of C6-alkylpurine analogues through a microwave-promoted SNAr
reaction of 6-chloropurine derivatives with 3-alkyl-acetylacetone
(eq 2, Scheme 1). For the first time, 3-alkyl-acetylacetones were
used as alkylating agents, thus avoiding the use of organometallics
and noble metal catalysts.

We began our investigation by examining the microwave
promoted nucleophilic substitution reaction between 9-benzyl-6-
chloropurine 1, and acetylacetone 2 in the presence of various
solvents (Table 1, entries 1–4). The results showed that DMSO
was the best solvent for the reaction. In DMSO, the desired
product 9-benzyl-6-methyl purine 3 was obtained in 89% yield
at 80 ◦C in the presence of 7.5 equiv of K2CO3 for 10 min
(entry 4). Next, we examined the effect of base on the yields
of 9-benzyl-6-methyl purine 3. No product was obtained when
the reaction was conducted without any base (entry 5). It was
evident that anhydrous K2CO3 was the most effective base for
this transformation compared with the other investigated bases
(entries 7–8). Changing the amount of K2CO3 showed that 7.5
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Table 1 Microwave promoted nucleophilic substitution reaction of 9-
benzyl-6-chloropurine 1 with acetylacetone 2a

Entry Solvent Temp. (◦C) Base (7.5 eq) Time (min) Yield (%)b

1 THF 65 K2CO3 10 NRc

2 CH2Cl2 40 K2CO3 10 NRc

3 DMF 80 K2CO3 10 10
4 DMSO 80 K2CO3 10 89
5 DMSO 80 No base 10 NRc

6 DMSO 80 K2CO3
d 10 88

7 DMSO 80 Na2CO3 10 68
8 DMSO 80 Cs2CO3 10 72
9 DMSO 80 K2CO3 5 52
10 DMSO 80 K2CO3 15 90
11 DMSO 60 K2CO3 10 66
12 DMSO 100 K2CO3 10 88

a Reagents and conditions: 0.5 mmol 1, 2.5 mmol acetylacetone 2 in 2 mL
solvent for the indicated time, 7.5 equiv base and MWI (200 W). b Isolated
yields based on purines. c NR = no reaction. d 8.5 eq K2CO3.

equiv of K2CO3 was the best choice (entries 4 and 6). Irradiation
time had some influence on the yields (entries 9–10); it seemed that
the reaction reached chemical equilibrium after being irradiated
for 10 min. When the reaction time was longer than 10 min, the
yield remained almost unchanged (entries 4 and 10), therefore
10 min was the optimized reaction time. Further screening of the
reaction temperature (entries 11–12) confirmed that 80 ◦C was the
best choice.

Under the optimized reaction conditions, the scope and gener-
ality of the reaction with a series of 3-alkyl-acetylacetones were
explored. As shown in Table 2, the yield of the product became
lower from 89% to 52% when the R group became gradually
longer (entries 1–4). Also, 3-allyl- and 3-benzyl-acetylacetone gave
moderate yield (entries 5 and 6). In general, the reaction proceeded
smoothly for various substituted acetylacetone to produce the
desired 9-benzyl-6-alkylated purines.

Naturally, after the development of various 3-alkyl-
acetylacetones, we further explored the alkylation of various N9-
substituted purine analogues, including purine nucleosides. As
shown in Table 3, when the H atom on N9 was substituted by an
alkyl group, good yields were obtained (entries 1–2, 4–5). And to
our delight, the reactions starting from acyclic nucleoside (entry
3) and protected nucleoside (entry 6) gave 92% and 62% yields,
respectively. Unfortunately, when active hydrogen occurred on the
N9 position of purine, no desired product was obtained (entries
7–8).

Finally, direct alkylation using various active methylene com-
pounds such as b-diketone, b-keto ester and b-diester with 9-
benzyl-6-chloropurine was examined. The results are summarized
in Table 4. The reaction proceeded smoothly for b-diketone and
b-keto ester to give C6-methylated products within a short time
(entries 1–3). However, b-diester gave a low yield because the
decarboxylation reaction was difficult when two ester groups
occurred on the substrate 2 (entry 4).

Table 2 Microwave promoted nucleophilic substitution reaction of 9-
benzyl-6-chloropurine 1 with 3-alkyl-acetylacetones 2a

Entry R Product Yield (%)b

1 H 89

2 CH3 82

3 n-Pr 68(80)c

4 n-Bu 52(76)c

5 72

6 Bn 76

a Reagents and conditions: 0.5 mmol 1, 2.5 mmol 2, 3.75 mmol K2CO3 in
2 mL DMSO and MWI 200 W (80 ◦C) for 10 min. b Isolated yields based
on purines. c The yields in parentheses were obtained after 20 min.

In conclusion, this work describes a new SNAr based reac-
tion between 6-chloropurines and 3-alkyl-acetylacetones under
microwave irradiation. The application of 3-alkyl-acetylacetones
as alkylating agents allows the reaction to be carried out under
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Table 3 Microwave promoted nucleophilic substitution reaction of 6-
chloropurine derivatives 1 with acetylacetone 2a

Entry R1 R2 Product Yield (%)b

1 H 3a 89

2 H 3g 76

3 H 3h 92

4 H 3i 88

5 Cl 3j 87

6 Cl 3k 62c

7 H H 3l 0
8 H 3m 0

a Reagents and conditions: 0.5 mmol 6-chloropurine derivatives 1, 2.5 mmol
acetylacetone 2, 3.75 mmol K2CO3 in 2 mL DMSO and MWI 200 W
(80 ◦C) for 10 min. b Isolated yields based on purines. c The reaction time
was 4 min.

Table 4 Microwave promoted nucleophilic substitution reaction of 9-
benzyl-6-chloropurine 1 with various active methylene compounds 2a

Entry R1 R2 Yield (%)b

1 CH3 CH3 89
2 CH3 CH3CH2O 85
3 CH3CH2 CH3CH2O 82
4 CH3CH2O CH3CH2O 32

a Reagents and conditions: 0.5 mmol 9-benzyl-6-chloropurine 1, 2.5 mmol
methylene compound 2, 3.75 mmol K2CO3 in 2 mL DMSO and MWI 200
W (80 ◦C) for 10 min. b Isolated yields based on purines.

mild reaction conditions without the use of noble metal cat-
alyst, organometallic reagent, or complex ligand and offers a
simple, efficient, and more environmentally begin approach for
the preparation of C6-alkylated purines. This methodology is
more attractive than the previously reported methods due to the
simplicity of the procedure, the absence of expensive catalyst and
ligand, short reaction time, the generality of the reaction, and

generally satisfactory yields. This work opens an effective new
route for modification at C6 of purines and is complementary
to the classical coupling reactions for synthesis of C6-alkylated
purine analogues.
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