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Facile synthesis of acyclic azanucleosides from
N-pivaloyloxymethyl amides and sulfonamides: synthesis

of aza-analogues of Ganciclovir
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Abstract—N-Pivaloyloxymethyl amides and sulfonamides, readily available from N-alkylation of both amides and sulfonamides
with commercial chloromethyl pivaloate, were converted into acyclic azanucleosides via a one-pot base silylation/nucleoside cou-
pling procedure.
� 2004 Elsevier Ltd. All rights reserved.
Since some acyclic nucleosides are potent antiviral
therapeutics, for example, acyclovir, ganciclovir, penci-
clovir (Fig. 1), their synthesis has attracted considerable
attention.1–3 Sugar mimics of these analogues typically
possess oxygen (e.g., acyclovir and ganciclovir) or car-
bon (e.g., penciclovir) at the 20-position and at least one
hydroxy group (e.g., acyclovir). Acyclic analogues with
a nitrogen atom at this position (termed acyclic aza-
nucleosides) are also known, but there is much less work
on their synthesis and biological properties, than on the
corresponding oxa- and carbo-derivatives.4–14 Most
examples have been amino acid or peptide derivatives of
pyrimidines, mostly 5-fluorouracil.7–13 To our knowl-
edge, the synthesis of aza-analogues of ganciclovir/
penciclovir or acyclovir has not been described.
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Thus, our interest in the synthesis of cyclic azanucleo-
sides has been extended recently to the synthesis of
acyclic aza-derivatives A including aza-analogues B of
ganciclovir (Fig. 2).15

The acyclic azanucleosides A (R 6¼H), which are not
peptide or amino acid derivatives have been obtained by
coupling silylated bases with N-alkoxymethyl amides5 or
N-chloromethyl sulfonamides.6 We envisaged that N-
pivaloyloxymethyl amides and sulfonamides would be
more convenient starting materials for the synthesis of A
and B, than those aforementioned, as they are easy to
prepare (by alkylation of amides or sulfonamides with
commercial chloromethyl pivaloate16;17), are stable and
nontoxic.18

We first tested this approach to acyclic azanucleosides 3
using N-cyclohexyl-N-pivaloyloxymethyl-acetamide 2a
and methanesulfonamide 2b (Scheme 1). Both 2a and 2b
were obtained in 50% and 72% yield, respectively, from
the N-alkylation of acetamide 1a and sulfonamide 1b
with chloromethyl pivaloate in dry DMF in the presence
Figure 2.
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Scheme 2.

Table 1. Synthesis of nucleosides 3

Entry Base (BH) Product 3, X Yield [%]

1
Uracil (U)

aa0, C(O) 51

2 ba0, S(O)2 41

3 Thymine (T) ab0, C(O) 70

4
N4-Benzoylcytosine (CBz)

ac0, C(O) 72a

5 bc0, S(O)2 56

6
N6-Cbz-adenine (ACbz)

ad0, C(O) 58

7 bd0, S(O)2 22

8 N2-Acetyl-O6-diphenyl-

carbamoyl-guanine (GADPC)

ae0, C(O) 45

9 be0, S(O)2 0

a The overall yield after deprotection.
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of sodium hydride.19 The derivatives 2 were transformed
into 3 by an one pot-base silylation/nucleoside coupling
procedure––a version in which N,O-bis(trimethyl-
silyl)acetamide (BSA) and trimethylsilyl triflate
(TMSOTf) were employed as the silylating agent and as
the catalyst, respectively.20;21 Thus, natural bases,
unprotected (uracil and thymine) or protected (N4-Bz-
cytosine, N6-Cbz-adenine22 and N2-Ac-O6-diphenylcar-
bamoylguanine23), were treated with BSA in acetonitrile,
then the corresponding 2 and TMSOTf were added
successively and the resulting mixtures were allowed to
stand at room temperature for 24 h to afford all the
nucleosides 3 except 3be0 (Table 1).24 An attempt to
combine 3b with GADPC in the presence of tin(IV) chlo-
ride also failed to yield 3be0. The regiochemistry of the
purine derivatives 3ad0, e0 and 3bd0 was derived from
HMBC experiments; the correlation of H-10 with C-8
and C-4, observed for all purine nucleosides, proved
that the alkylation took place at N-9.

Generally, the N-acetyl derivatives 3a were obtained in
higher yield than the corresponding N-methanesulfonyl
compounds 3b. The protecting groups were routinely
removed from the base moieties by treatment of 3 with
Scheme 3. Reagents and conditions: (i) H2, 10%Pd/C, EtOH, rt, 60 bar, 1 d, q

67%; (iii) ClCH2OPiv, DMF, NaH, rt, 3 d, 7a 50%, 7b 70%; (iv) U, BSA TM
methanolic ammonia (3c0,e0) or by palladium catalyzed
hydrogenolysis (3d0) to afford nucleosides 4c0–e0 in high
yields (Scheme 2).

Next this methodology was employed for a synthesis of
the aza-analogues of ganciclovir B. We utilized as the
starting material 2,2-pentamethylene-5-nitro-1,3-diox-
ane 5,25 which was used by us previously for the prep-
aration of branched-chain azaisonucleosides.26 The
approach shown in Scheme 3 was tried initially, thus 5
was converted into N-pivaloyloxymethyl derivatives of
acetamide 7a and methanesulfonamide 7b by the alkyl-
ation of the corresponding intermediates 6a and 6b with
chloromethyl pivaloate as previously described; the
yields of 7a and 7b were 50% and 70%, respectively.
uantitative; (ii) (a) Ac2O, rt, 2 d, 80%; (b) MeSO2Cl, pyridine, DCM, rt,

SOTf, MeCN.
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However, attempts at coupling 7 with silylated U failed
to give nucleoside 8. In the presence of TMSOTf,
N-pivaloyloxymethyl and 1,3-dioxane moieties interact
and this resulted in the formation of a complex mixture
from 7a or the tricyclic derivative C from 7b; C was
obtained in 40% yield.27

Our further studies then concentrated on the synthesis
of the N-methanesulfonyl aza-analogues (Scheme 4).
This time, 6b was converted into tripivaloyloxy deriva-
tive 9 via acidic hydrolysis, O-pivaloylation and N-
alkylation with chloromethyl pivaloate. Compound 9
was coupled with silylated CBz in the presence of
TMSOTf to give base protected nucleoside 10a in 71%
yield.28 Since the condensation of 2b with ACbz in the
presence of TMSOTf gave the nucleoside 3bd0 in 22%
yield only, for the preparation of 10b tin(IV) chloride
was employed as catalyst; 10b was obtained in 44%
yield.28 The N-9 regiochemistry of 10b was proved by
HMBC correlations. Treatment of 10a with concen-
trated aqueous ammonia in methanol for 1 day at 70 �C
in a sealed tube afforded the cytidine derivative 11a.29
Scheme 4. Reagents and conditions: (i) MeOH, Dowex 50 (Hþ), rt,

48 h, 67%; (ii) PivCl, pyridine, rt, 24 h, 42%; (iii) NaH, DMF,

ClCH2OPiv, rt, 72 h, 88%; (iv) CBz, BSA, TMSOTf, MeCN rt, 24 h,

71%; (v) ACbz, BSA, SnCl4, MeCN, 24 h, 44%; (vi) NH3 (aq), MeOH,

sealed tube, 70 �C, 1 d, 83%; (vii) H2 (balloon), 10% Pd/C, MeOH, rt,

1 d, then (vi), overall 73%.
The synthesis of 11b was completed by palladium-
catalyzed hydrogenolysis followed by reaction with
ammonia to yield 11b in 73% yield.30

In summary, we have shown that readily available N-
pivaloyloxymethyl acetamide and methanesulfonamide
can be effectively converted into acyclic azanucleosides
by an one-pot base silylation/nucleoside coupling pro-
cedure. The presented procedure is relevant for the
preparation of both pyrimidine and purine derivatives.
We believe that our method might also be useful for the
preparation of acyclic nucleosides possessing, at the 20-
position, not only nitrogen but also other heteroatoms,
for example, oxygen. Further studies on the improve-
ment and extension of the methodology for the synthesis
of various acyclic nucleosides, mainly aza-analogues of
guanine and unnatural bases, are in progress.
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