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a b s t r a c t

Hitherto, the synthesis of 6-substituted 20-deoxyuridine nucleoside analogues via Pd-catalyzed Suzuki
cross-coupling reaction was hampered by the instability of the TIPDS-protected precursor 6-iodo-20-deox-
yuridine 1 in alkaline media due to cleavage of the glycosidic bond. Herein, the successful application of
the Liebeskind reaction under base-free conditions is reported. This method comprises of the stoichiom-
etric use of copper thiophene carboxylate (CuTC) as co-reagent at slightly elevated temperatures.
Fluoride-mediated desilylation and Yoshikawa-phosphorylation afforded the nucleotide analogues
4b–c, 4e, and 4i.

� 2011 Elsevier Ltd. All rights reserved.
Nucleoside analogues constitute an important class of organic
molecules with interesting biological profiles.1 In the past decades,
substitution at position 5 of the uracil moiety in 20-deoxyuridine
nucleosides has been proven a validated strategy for the develop-
ment of drugs used for the treatment of cancer and viral infec-
tions.2 Aryl and heteroaryl groups are usually introduced via a
Suzuki–Miyaura cross-coupling reaction3 using arylboronic acids
or via a Stille coupling using arylstannanes.4 The Suzuki–Miyaura
cross-coupling reaction has become the method of choice as a large
number of non-toxic, structurally diverse (hetero)arylboronic acids
is commercially available. It also allows carrying out the reaction in
the presence of H2O, which is favorable in terms of environmental
impact. On the other hand, position 6 of the uracil base in nucleo-
sides remained largely unexplored in medicinal chemistry pro-
grams and relatively few derivatives have been reported in the
literature. This might partly be due to the difficulties encountered
during the preparation of these compounds. Hitherto, gaining en-
try to these derivatives required multistep reaction sequences
and their further development was hampered by low overall yields
and the reduced chemical stability compared with their C-5 cong-
eners. Two recent papers elaborate on new synthetic methodolo-
gies for the preparation of 6-aryl-uridines. Shih and Chien
prepared a series of 6-aryl uridines using palladium(II)acetate as
catalyst, triphenylphosphine as ligand and sodium carbonate as a
base.5 On the other hand, Nencka et al. reported the synthesis of
6-aryl-50-O-TBDMS-20,30-O-isopropylideneuridine nucleosides un-
der standard, as well as ligand-free, Suzuki–Miyaura conditions.6
ll rights reserved.
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Recently, a number of cross-coupling reactions with protected
and unprotected uracil derivatives at position 6 have been reported
in the literature.7,8 In detail, Čerňová et al. described the regioselec-
tive C–H arylation at C-6 of protected uracils in the presence of a
Pd-catalyst and CuI.8 However, the reported yields were frequently
low to moderate and mixtures of the two regioisomers (C-5 and
C-6-substituted products) were obtained. Furthermore, this
approach would require the inclusion of additional steps (depro-
tection, silylation, glycosylation) which makes it less attractive in
medicinal chemistry programs. To the best of our knowledge,
6-(hetero)aryl-20-deoxy-uridines are not known in the literature.
As part of an ongoing drug discovery program toward the identifi-
cation of novel mycobacterial thymidylate synthase inhibitors,9 we
were in need of an efficient process to get access to 6-aryl-20-
deoxy-uridines. In this letter, we describe their synthesis via a
base-free Liebeskind methodology.

In order to get access to 6-aryl-20-deoxyuridine derivatives,
6-iodo-20-deoxyuridine derivative 1 was considered as an ideal
key intermediate. It was prepared according to a literature protocol
from 20-deoxyuridine by protection of both hydroxyls as a
1,1,3,3-tetraisopropoxydisiloxanylidene (TIPS) group, followed by
iodination at position 6.10 Classical Suzuki–Miyaura coupling of 1
with a number of substituted phenylboronic acids was envisioned.
However, for the synthesis of the corresponding 20-deoxyuridine
congeners, all attempts in which classical conditions (various Pd-
catalysts, such as Pd(PPh3)4, PdCl2(PPh3)2, or PdCl2(dppf), boronic
acids or their pinacol esters, and aqueous base) were employed,
failed. These results highlight a particular instability of compound
1 in alkaline media, which predominantly led to deglycosylation. It
is noteworthy that the attempted fluoride-mediated desilylation
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Scheme 1. Reagents and conditions: (a) TBAF, THF, rt; (b) POCl3, proton sponge, PO(OMe)3, 0 �C.

Table 1
Liebeskind cross-coupling reaction of 1 with various boronic acids or their esters
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Entry Compound R Yield (%)

1 2a 79

2 2b

F

84

3 2c

OMe

64

4 2d
OMe

72

5 2e
CN

66

6 2f N 0

7 2g
O

0

8 2h
S

33a

9 2i Ph 76

10b 2j 0c

a An unseparable 5:1 mixture of 2h:1 was obtained.
b Boronic acid pinacol ester used.
c Complex reaction mixture.
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of compound 1 (TBAF/THF or NH4F/MeOH) resulted in the formation
of 6-iodouracil along with other degradation products and that no
unprotected 6-iodo-20-deoxyuridine could be obtained. Conse-
quently, alternative Suzuki conditions were sought. Using a suspen-
sion of a base (e.g., K2CO3 or K3PO4) in an organic solvent, such as
toluene or DMF, was equally unsuccessful. Furthermore, tempera-
tures above 70 �C and long reaction times (>24 h) also appeared to
have a detrimental effect on the stability of 1.
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This major stumbling block has been overcome by switching to
an alternative base-free Suzuki coupling methodology developed
by Liebeskind and co-workers.11 This method comprises the stoi-
chiometric use of copper thiophene carboxylate (CuTC), acting as
a Cu(I)-cocatalyst, and allows to run reactions under nonbasic con-
ditions even at room temperature. Although the original Liebes-
kind methodology12 uses thioalkyl groups as leaving groups, we
applied the methodology on aryliodide 1 as substrate. Using stan-
dard Liesbeskind reaction conditions (1.2 equiv of boronic acid or
ester, 1.2 equiv of CuTC and 7 mol % of Pd(PPh3)4 in dry THF at
50 �C) the TIPDS-protected 6-substituted nucleoside derivatives
were obtained in moderate to good yields (60–80%).

This method works well with substituted phenylboronic acids
(compounds 2a–e), as well as with (E)-(2-phenylvinyl)-boronic
acid (compound 2i). Fluoride-mediated desilylation10 (TBAF/THF)
of compounds 2b–e and 2i furnished the desired nucleosides
3a–e and 3i (Scheme 1).13

This is the first time a series of 6-aryl-20-deoxy-nucleosides has
been prepared in an efficient way. In order to broaden the applica-
bility of this method, it was envisioned to introduce also a number
of heteroaryl groups at position 6 of the uracil base. It turned out,
however, that heterocyclic boronic acids are much less reactive un-
der these reaction conditions. In the case of 3-pyridylboronic acid
2f and 2-furylboronic acid 2g, no conversion was observed after
48 h at 50 �C. When 2-thiopheneboronic acid was employed, an
unseparable 5:1 mixture (as determined by 1H NMR) of the desired
2-thienyl derivative 2h and unreacted 1 was obtained after 24 h,
albeit in low yield. Prolonged reaction times (up to 3 days at
50 �C) had no measurable improvement on this ratio. Similarly,
performing the reaction with the pinacol ester of (E)-2-cyclo-
propylvinylboronic acid gave only a low yield of the desired deriv-
ative 2j containing substantial amounts of impurities. The results
are summarized in Table 1. These 6-aryl nucleoside analogues
were made as part of a project toward the identification of inhibi-
tors of a novel flavin-dependent thymidylate synthase from Myco-
bacterium tuberculosis, called ThyX. It has been shown that the
presence of a 50-phosphate moiety is required for ThyX-inhibition.9

Therefore, nucleosides 3b–c, 3e, and 3i have been selected for
phosphorylation of the primary hydroxyl group under standard
Yoshikawa-conditions14 (POCl3/proton sponge/PO(OMe)3/0 �C)
and evaluated in a biochemical assay as potential inhibitors of
mycobacterial ThyX. At a concentration of 50 lM, none of the
tested nucleotides showed significant ThyX-inhibition.

Herein, the application of the base-free Liebeskind cross-cou-
pling methodology for the synthesis of 6-substituted 20-deoxyuri-
dine nucleosides is described. Position 6 of the uracil moiety has
been largely unexplored in medicinal chemistry programs and
6-aryl-20-deoxyuridine analogues are not known in the literature.
Therefore, the Liebeskind methodology, as presented here, shows
great promise to introduce structural variation at position 6 of dif-
ferent nucleosides and to study its effect on the biological activity.
This methodology works well with simple substituted phenylbo-
ronic acids. Unfortunately, the corresponding heteroaryl deriva-
tives could not be obtained and further optimization is required
in order to find a versatile method for the synthesis of this class
of organic molecules.
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