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A Facile One-Pot Synthesis of
N*-Alkyloxycarbonyl Cytosine Nucleosides

Yue-Lei Chen™ and Jun-Da Cen

Department of Chemistry, Shanghai Institute of Pharmaceutical Industry,
Shanghai, P.R. China

ABSTRACT

N*-Alkyloxycarbonyl cytosine nucleosides can be easily prepared by
reacting cytosine nucleosides with triphosgene and alcohols.

Key Words: N*-Alkyloxycarbonyl cytosine nucleoside; Triphosgene;
Cytosine nucleoside; Isocyanate.

In the medicinal chemistry of nucleosides, using alkyloxycarbonyl group
to mask the 4-amino group of cytosine nucleoside has been proved to be an
important tactic in the design of nucleoside prodrugs."'! The desired active
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nucleoside species will be released after cleavage of the inert carbamate struc-
ture by enzymes in vivo. The reported synthetic methods toward N*-alkyloxy-
carbonyl cytosine nucleosides mainly focused on the reaction between the
cytosine nucleosides and alkyl chloroformates.”"*! But to our knowledge,
most alkyl chloroformates are not commercially available and have to be pre-
pared prior to use. In screening of a large number of bio-active compounds, the
preparation of various of chloroformates, especially the complex ones, will be
a tedious work. Hattori has reported on an improved method,”! in which cyto-
sine nucleoside derivatives were reacted with triphosgene and alcohols in the
presence of N,N-diisopropyl ethylamine at room temperature. But this patent
method is only suitable for mg-scale preparation. Herein we report a con-
venient method for preparing them in gram-scale from cytosine nucleoside
derivatives and the corresponding alcohols without a base via unseparated
cytosine nucleoside isocyanate intermediates to meet the requirement for in
vivo screening of N*-alkyloxycarbonyl cytosine nucleosides.

In our work, it was found that the classical reaction condition for aryl
isocyanate from aryl amine is suitable to cytosine nucleosides. Reacting the
nucleosides 1 with triphosgene in refluxing toluene gives the unprecedentedly
reported cytosine nucleoside isocyanates 2, which are sensitive to moisture
and cannot be purified by chromatography on silica gel. We confirmed the
existence of this intermediate by crystallization and mass spectroscopy. For-
tunately, the separation of these isocyanates is not necessary for the synthesis
of target compounds. The carbamates 3 will be produced easily in one pot by
adding the corresponding alcohols to the reacting vessel directly.

In scaling up this reaction, we found the main essentials were that the yield
and the purity of the product are variable to the concentration of the reactants
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in toluene and the initial heating rate. After optimization, it was found that
keeping the concentration of the nucleoside substrate in toluene less than
0.1M and heating the reaction mixture rapidly to reflux are crucial points to
obtain high yield of pure product.

Application of 3,5-dibenzoyl-4-amino thymidine 1A and a synthetic
intermediate 1B for Lamivudine (an antiviral agent) exemplified the use of
the synthesis tactic (Sch. 1, Table 1).

Further examples are demonstrated by the synthesis of several Capecit-
abine (an antitumor agent) analogues 3'(C—F) (Sch. 2, Table 2) using this
method. The carbamates 3(C—F) obtained are very pure and the protection
groups of the free hydroxyls on the sugar moiety of 3(C-F) are finally
removed to afford the desired compounds 3'(C-F). Some of the products
have been subjected to bioactivity test.

EXPERIMENTAL
All melting points were uncorrected. H' NMR were recorded on INOVA-
400 spectrometer in CDCl; or (CD3)SO using tetramethylsilane (TMS) as an
internal standard. Mass spectra were performed on Micro Mass Q-Tof Micro
high performance liquid chromatography (HPLC)-MS. Data of H' NMR

shown in Tables 1 and 2 do not contain peaks of all protons exchangeable
with D,0.

GENERAL PROCEDURE

Mix 2.2 mmol cytosine nucleoside derivative 1 and 0.75g (2.5 mmol)
triphosgene in 40 mL toluene. Rapidly heat the mixture to reflux and keep
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boiling for 1 hr (here the isocyanate intermediate 2 could be isolated by crys-
tallization from proper solvents after removing toluene). To this clear boiling
solution, add 5 mmol alcohol in one portion. The reaction completes in 10 min
by thin layer chromotography (TLC) (silica gel, GF254). After evaporating
the solvent in vacuo, the residue could be crystallized in suitable solvent to
get 3.

If the deprotected product is desired, taking the benzoyl protection as an
example, the retained residue is dissolved in 50 mL methanol and cooled to
0°C. Two mL of 5N sodium methoxide in methanol is added and the
mixture is stirred at room temperature for 1 hr. Then the mixture is neutralized
with HCI-EtOH and the solvent is removed in vacuo. The residue could be
crystallized in suitable solvent or purified by chromatography on silica gel
column to get 3.
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