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Stille coupling approaches for the synthesis of 8-aryl guanines
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Abstract—The reaction of 8-bromoguanines with aryl and hetaryl stannanes in the presence of a palladium catalyst leads to the for-
mation of the corresponding 8-aryl(hetaryl)guanines. It was found that the addition of triphenylarsine or triphenylbismuth strongly
reduces the reaction time and increases product yields.
� 2006 Elsevier Ltd. All rights reserved.
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The purine skeleton is part of many naturally occurring
ligands and the derivatives of purine nucleosides have
been extensively studied as biological ligands involved
in mediating metabolic processes and signaling path-
ways in all living organisms.1 The interest in 8-substi-
tuted guanines stems from the fact that the
introduction of an aryl substituent to position 8 of the
guanine ring prevents its further oxidation in vivo.2

According to the literature, 8-(p-substituted-aryl)-
guanosines can be obtained by treating guanosine with
an excess of the corresponding aryl diazonium salts
but in low yields (20–32%).3 The interaction between
8-bromoguanosine and pyren-1-yl boronic acid under
palladium-catalyzed Suzuki–Miyaura cross-coupling
conditions leads to the formation of 8-(pyren-1-yl)gua-
nosine in moderate yield.4 8-Phenylguanine analogues
were prepared by Stille coupling, which involved reflux-
ing the initial 8-bromoguanines and trimethylphenyl-
stannane for two days (67%).5 Additionally, 8-(4-form-
ylphenyl)6 and 8-(4-dimethylamino)7 guanosines have
been prepared by Stille coupling through refluxing in
toluene using Pd(PPh3)4 as the catalyst.

Our experience with the palladium-catalyzed Stille cou-
pling8 inspired us to investigate the incorporation of aryl
and hetaryl groups at position 8 of the guanine core with
the purpose of optimizing the conditions for the coupling.

Typically, the Stille coupling of aryl halides with aryl
stannanes is performed under anhydrous conditions in
aprotic solvents. Xylene is used as a solvent to allow
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increased reaction temperature and improve the solubil-
ity of the starting 8-bromo guanines. Our investigation
started with the reaction of isobutyric acid 2-(8-bromo-
2-isobutyrylamino-6-oxo-1,6-dihydropurin-9-ylmethoxy)-
ethyl ester 1 previously dried in vacuo with p-(i-prop-
oxy)phenyltrimethyl stannane using tetrakis(tri-
phenylphosphino)palladium(0) as the catalyst (Scheme
1). The desired 8-p-(i-propoxy)phenyl guanine 5 9 was
obtained after 48 h heating at 130 �C in 75% yield in
agreement with the literature data for similar cou-
plings.5–7 With the aim of reducing the reaction time
and to activate the catalyst, a catalytic amount (5%) of
triphenylarsine was added, due to the donor–acceptor
As–Pd bond being longer than a P–Pd bond. The reaction
on this occasion was complete only after 18 h of heating
and the isolated yield of derivative 5 increased to 86%.
Next, we replaced the triphenylarsine with triphenyl-
bismuth. The reaction was now complete in 3 h and the
target 8-p-(i-propoxy)phenyl guanine 5 was isolated in
almost quantitative yield (96%) (Table 1).

The Stille coupling of 8-bromoguanine 1 with 2-(5-meth-
ylthienyl)tributyl stannane in the absence of activating
ligand gave the expected product 6 in 24 h and 62%
yield. Addition of triphenylarsine or bismuth signifi-
cantly decreased the time of coupling to 4 h and
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Scheme 1.
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Table 1. Stille coupling of 8-bromo guanines with aryl or hetaryl stannanes

Entry Reactant R R 0 Ar Ligand Time (h) Yielda (%) Product

1 1
i-Pr

O
O

O i-Pr

O O(i-Pr)
— 48 75 5

2 1
i-Pr

O
O

O i-Pr

O O(i-Pr)
Ph3As 18 86 5

3 1
i-Pr

O
O

O i-Pr

O O(i-Pr)
Ph3Bi 3 96 5

4 1
i-Pr

O
O

O i-Pr

O S Me
— 24 62 6

5 1
i-Pr

O
O

O i-Pr

O S Me
Ph3As 4 74 6

6 1
i-Pr

O
O

O i-Pr

O S Me
Ph3Bi 0.75 98 6

7 1
i-Pr

O
O

O i-Pr

O N
Ph3Bi 1.5 82 7

8 2 Ac O
OAc

O(i-Pr)
Ph3Bi 6 91 8

9 2 Ac O
OAc

S Me
Ph3Bi 3 99 9

10 3 Ac H
S Me

Ph3Bi 24 0

11 4 H

COOi-Pri-PrCOO

O

i-PrCOO
O(i-Pr)

Ph3Bi 12 86 10

12 4 H

COOi-Pri-PrCOO

O

i-PrCOO
S Me

Ph3Bi 1 96 11

13 4 H

COOi-Pri-PrCOO

O

i-PrCOO
N

Ph3Bi 4 91 12

a Isolated yields.
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45 min, respectively. It should be noted that the yield of
isobutyric acid 2-[2-isobutyrylamino-8-(5-methylthiophen-
2-yl)-6-oxo-1,6-dihydropurin-9-ylmethoxy]ethyl ester (6)
was increased to 98% using Ph3Bi as the catalyst activa-
tor. 8-(2-Pyridyl) analogue 7 was produced from 2-pyr-
idyl trimethylstannane in 1.5 h using triphenylbismuth
as the ligand in 82% yield.

The use of the diacetyl protected 8-bromoacyclovir
derivative 2 as the starting material was also investi-
gated. Under the same experimental conditions, more
time was required for 2 to disappear (Table 1). This fact
could be explained by the much lower solubility of 2 in
xylene compared with the di(i-butyryl) protected
analogue 1. On the other hand, compound 2 was more
easily accessible from a synthetic point of view.

Our attempts to convert N9-unprotected 8-bromo-2-
acetylguanine (3) to the corresponding 8-(5-methylthio-
phen-2-yl) derivative failed due to very low solubility of
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3 in xylene even at 150 �C. Conducting the reaction
under microwave irradiation did not give a positive result.

The N2-unsubstituted sugar protected 8-bromoguano-
sine 4 readily reacted with aryl stannanes to yield the
corresponding 8-aryl guanosines.10–12 The time neces-
sary for complete reaction depended on the activity of
the stannane used. 8-(5-Methylthiophen-2-yl) guanosine
11 was obtained after just 1 h; however, the 2-pyridyl- 12
and p-(i-propoxy)phenyl 10 analogues required 4 h and
12 h, respectively, and were obtained in good to excel-
lent yields.

Product 11 of the Stille coupling was unambiguously
confirmed by X-ray diffraction. Crystals of isobutyric
acid 5-[2-amino-8-(5-methylthiophen-2-yl)-6-oxo-1,6-
dihydropurin-9-yl]-3,4-bis-isobutyryloxytetrahydrofuran-
2-yl methyl ester (11) suitable for X-ray analysis were
obtained by slow crystallization from ethanol. The OR-
TEP structure of 11 is shown in Figure 1.10 Inspection of
the molecular structure shows that the torsion angle
between the purine heterocycle and the thiophene ring
is 23.0(4)�, and that the sulfur and N(7) nitrogen atoms
lie syn to each other. The presence of C@O and N–H
groups plays an important role in the molecular packing
of compound 11. The crystal unit cell contains four
molecules of guanosine 11 (Z = 4). The hydrogen of
the N(10) amino group forms a strong intermolecular
hydrogen bond (1.55 Å) with O(24) [N(10)H� � �O(24) =
2.555 Å]. Moreover, the second hydrogen atom of the
N(10) amino group forms an intramolecular donor–
acceptor bond with the O(11) oxygen of a second
molecule of 11; the bond length is equal to 1.82 Å
[N(10)H� � �O(11) = 2.816 Å]. Also, the N(1)H hydrogen
forms a H-bond with the N(7) nitrogen of another mole-
cule of 11 (1.98 Å) [N(1)H� � �N(7) = 2.939 Å].

In summary, extremely convenient Stille coupling condi-
tions [Pd(PPh3)4, Ph3Bi, xylene, 130 �C] were developed
Figure 1. ORTEP crystal structure of isobutyric acid 5-[2-amino-8-
(5-methylthiophen-2-yl)-6-oxo-1,6-dihydropurin-9-yl]-3,4-bis-isobutyryl-
oxytetrahydrofuran-2-yl methyl ester (11).
for the arylation of 8-bromoguanine derivatives. Tri-
phenylarsine can also be used. 8-Aryl and hetaryl
analogues of acyclovir and guanosine were obtained in
good to excellent yields.
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