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Treatment of the sodium salt of 2A-deoxy-3A, 5A-bis-O-(tert-
butyldimethylsilyl)-5-iodouridine (3) with n-BuLi effected
regioselective lithiation at the 5-position and the following
reaction with various electrophiles afforded 5-substituted 2A-
deoxyuridines including 1b, the precursor of stable spin-
labeled 1a, in good yields.

5-Substituted pyrimidines are an important class of nucleoside
and their broad spectrum of biological activity such as antiviral
and anticancer activities has received considerable attention.
The introduction of substituents with specific functions and
reporter groups into the 5-position of uracil is also important for
the development of antisense agents and DNA probes.1 A
variety of methods for synthesis of 5-substituted 2A-deoxyur-
idines have been reported including the reaction of 5-lithiated
species formed from 22 or 5-halo-2A-deoxyuridine derivatives3

and palladium-catalysed reaction with 5-halo 2A-deoxyuridine
derivatives.4 5-Lithiated 2A-deoxyuridine is a useful inter-
mediate for reacting with various electrophiles, e.g. alkyl
halides, carbonyl compounds, disulfides and so on, however its
formation is less effective compared to the corresponding
ribonucleosides. Lithiation of 2 with sec-BuLi in the presence of
TMEDA gave 5-lithiated species2a and this procedure was
applied to the synthesis of 13C-methyl-labeled thymidine.2b

Lithium–halogen exchange reaction of 5-halo 2A-deoxyuridine
derivatives with n-BuLi was also used for regioselective
formation of 5-lithiated species. However, this method gave
5-substituted products in lower yields especially in the use of
5-iodo derivatives as a substrate and a considerable amount of
dehalogenated uridine formed.3c,d In these lithiation strategies,
excess bases were used due to the presence of the unprotected
imide moiety. In the course of our work on the synthesis of N-
tert-butylaminoxyl nucleosides,5 we planned to synthesise 5-N-
tert-butylhydroxylamino-2A-deoxyuridine (1b), the precursor of
5-N-tert-butylaminoxyl 2A-deoxyuridine (1a), by the reaction of
5-lithiated 2A-deoxyuridine with 2-methyl-2-nitrosopropane
(MNP) (Fig. 1). We found that lithiation of sodium salt of 3 and
successive reactions with MNP and several electrophiles
afforded 1a in good yield and 5-substituted 2A-deoxyuridines in
improved yields compared to previous reports. We here report
this simple and efficient method for synthesis of 5-substituted
2A-deoxyuridines.

First, direct lithiation of 2 with sec-BuLi in the presence of
TMEDA followed by the reaction with MNP was attempted for
the synthesis of 4. However, 4 was not obtained and 2 was
recovered. As an alternative, we studied a lithium–halogen
exchange reaction using 5-iodo-2A-deoxyuridine (3) to prepare
5-lithiated species. Treatment of 3 with 2 equiv. of n-BuLi
followed by the reaction with MNP gave 4† in 19% and
deiodinated 2 was formed in 80% (Scheme 1; Method A).

Unreacted dilithio compound (intermediate C in Scheme 2)
could be converted to 2 by aqueous workup.3d We reasoned that
abstraction of imide proton and lithium–iodo exchange could be
competitive (formation of intermediates A and B) at the early
stage of the reaction. If the imide proton of B was abstracted by
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B itself and coexisting C at 5-position, 2 and D formed, which
could not be converted to reactive C with n-BuLi. In fact,
treatment of 3 with 1 equiv. of n-BuLi followed by aqueous
workup gave 2 (62%) and recovered 3 (35%), which suggests
that lithiation and deprotonation are competitive. Thus, 3 was
treated with 1.5 equiv. of NaH in THF at rt in order to remove
the imide proton (in situ imide protection). After concentration
of the solvent, 1H NMR spectrum was measured.† Dis-
appearance of the imide proton and upfield shift of H6 (8.09 to
7.69 ppm) were observed to indicate formation of intermediate
E. Its treatment with H2O resulted in quantitative recovery of 3.
Finally, successive treatment of 3 with 1.5 equiv. of NaH then
1.2 equiv. of n-BuLi followed by reaction with MNP gave 4 in
72% yield presumably via intermediate F (Scheme 1; Method
B). Deiodinated 2 formed in 10%, however 6-substituted
product was not formed. Treatment of 4 with TBAF in THF
afforded 1b in 85% yield.

Next, we synthesised 5-substituted 2A-deoxyuridines via
Method B to investigate the scope and limitations of this
method.‡ Reactions with MeI, CD3OD, TMSCl, PhCHO, and
MeSSMe proceeded with ease to give 5-substituted 5–9 in
improved yields, respectively (Table 1).2 In all cases, re-
gioselectivity of reactions was controlled and 6-substituted
products were not obtained. Deiodinated 2 formed in reactions
with MeI, CD3OD, and TMSCl, but its yield and ratio to
5-substituted products decreased. Reactions with more reactive
PhCHO and MeSSMe gave products in higher yields and did
not give 2.

We showed that competitive imide proton abstraction and
lithium–iodo exchange took place by treatment of 3 with n-
BuLi, which led to decreased yield of product due to the
concomitant formation of deiodinated 2 as a major product. In
situ protection of imide moiety with NaH effected the

subsequent lithium–iodo exchange reaction of 3 with n-BuLi to
give 5-lithiated 2A-deoxyuridine derivatives regioselectively.
The method we report here, though previously untried, is easy
and provides a general, regioselective and efficient synthetic
method of 5-substituted 2A-deoxyuridines.

Notes and references
† Spectroscopic data for 4 and intermediate E; 4; 1H-NMR (400 MHz,
CDCl3) d 8.33 (br s, 1H, D2O exchanged), 7.56 (s, 1H), 6.85 (br s, 1H, D2O
exchanged), 6.27 (dd, J = 8.0, 6.0 Hz, 1H), 4.38 (t, J = 2.8 Hz, 1H), 3.92
(d, J = 2.6 Hz, 1H), 3.72 (dt, J = 11.3, 7.7 Hz, 2H), 2.26 (m, 1H), 2.00 (m,
1H), 1.14 (s, 9H), 0.91 (s, 9H), 0.88 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H), 0.06
(s, 3H), 0.06 (s, 3H); HRMS (FAB) m/z calcd for C25H50O6N3Si2 ([M +
H]+) 543.3238, found 543.3258. E; 1H NMR (400 MHz, CDCl3) d 7.69 (s,
1H), 6.18 (br s, 1H), 4.32 (br s, 1H), 3.67–3.81 (m, 3H), 2.25 (m, 1H), 1.83
(m, 1H), 0.90 (s, 9H), 085 (s, 9H), 0.08 (s, 6H), 0.04 (s, 6H).
‡ A typical experiment is as follows: to a THF (10 mL) solution of 3 (1.0 g,
1.72 mmol) at rt was added 1.5 equiv. of NaH and the resulting mixture was
stirred for 30 min. The reaction mixture was cooled to 278 °C and 1.2–3
equiv. of n-BuLi was added. After 15 min, an appropriate electrophile (6
equiv.) was added dropwise. The reaction mixture was stirred at 278 °C for
1 h.
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Table 1

n-BuLi
(equiv.) Reagent E Product Yield (%) 2 (%)

3 MeI Me 5 81 7
1.2 CD3OD D 6 64 9
1.2 TMSCl TMS 7 62 12
1.2 PhCHO PhCH(OH)a 8 79 0
3 MeSSMe SMe 9 85 0
a 1+1 diastereo mixture
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