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The introduction of dynamic covalent polymers, in which the monomer units are linked by reversible
covalent bonds and can undergo component exchange, opens up new possibilities for the generation of
functional materials. Extending this approach to the generation of dynamic biopolymers in aqueous
media, which are able to adapt constitution (sequence, length) to external factors (e.g., environment,
medium, template), would provide an alternative approach to the de novo design of functional dynamic
bio-macromolecules. As a first step towards this goal, various mono- and bifunctionalised (hetero- and
homotopic) nucleic acid-derived building blocks of type I –X have been synthesised for the generation of
dynamic main-chain and side-chain reversible nucleic acid analogues. Hydrazide- and/or acetal
(protected carbonyl)-functionalised components were selected, which differ in terms of flexibility,
length, net formal charge, and hydrazide/acetal substituents, in order to explore how such factors may
affect the properties (structure, solubility, molecular recognition features) of the polymer products that
may be generated by polycondensation.

1. Introduction. – Constitutional dynamic chemistry (CDC) implements reversi-
bility of connections between components in order to generate both molecular and
supramolecular systems that are responsive to their environment [1]. Whereas the
latter are dynamic by nature, applying this central feature of CDC to the generation of
molecular diversity requires the operation of reversible covalent reactions to produce
the constituents resulting from all possible combination of components, and provides
the basis of dynamic combinatorial chemistry (DCC) [2]. Since its inception, DCC has
been implemented as a useful approach for the rapid generation and identification of
small molecules or small supramolecular assemblies capable of interacting with a target
molecule [2], in particular of biological type [3]. However, CDC has also great
potential as means for generating dynamic materials [1] [2a]. Thus, we have recently
become interested in its application within the field of polymer chemistry to produce
dynamic polymers, termed dynamers [4] in which the monomer units are linked via
reversible covalent bonds and can undergo component exchange under controlled
conditions [5]. We were interested in extending the scope of such dynamers to the
generation of constitutional dynamic biopolymers in aqueous media, related to nucleic
acids [6], peptides [7], and carbohydrates [8]. To these ends, components are required
that bear functional groups capable of engaging into reversible covalent reactions.
Herein, we describe the synthesis of a range of building blocks as analogues of nucleic
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acid components for the generation of both main-chain- and side-chain-reversible
polymeric analogues of nucleic acid strands (Fig. 1).

Whilst polymers can potentially cover enormous spatial as well as functional
diversity, the de novo design of abiotic polymers capable of molecular recognition or
catalysis in aqueous media remains a major challenge [9]. We have sought to develop
polymeric analogues of DNA which maintain the recognition features of the native
nucleobases but contain a reversible covalent bond in the main chain or side chain [10].
The application of DCC to polymers potentially gives rise to vast libraries of polymeric
sequences differing both in length and in sequence. Such dynamic polymers, formed
under thermodynamic control, may be capable of undergoing self-assembly, compo-
nent selection, and possibly constituent amplification under the driving force of folding
into stable secondary or tertiary structures [11], of substrate binding [6b] or of other
effects, like metal ion coordination [12a,b] or formation of an organized phase [12c].
Furthermore, addition of a template such as complementary ssDNA, a target protein or
a transition-state analogue may enable the amplification of a single or a small number
of sequences from the polymeric library [4a].

2. Results and Discussion. – A range of bifunctionalised nucleotide analogues
containing hetero- and homotopic monomer units were synthesised for reversible
main-chain polymerisation. Likewise, several monofunctionalised nucleic acid compo-
nents have also been prepared, which may be used to decorate the side chain of
polymers or of core groups of various shapes in a reversible fashion.

Several reversible reactions have been exploited for the generation of dynamic
combinatorial libraries in aqueous media including imines [3a,f – i], acylhydrazones

Fig. 1. Schematic representation of reversible covalent bond formation a) between bifunctional hetero- or
homotopic nucleobase derivatives to give dynamic main-chain polymers, or b) between side-chain-
functionalised polymer with monofunctionalised nucleobase derivatives to give dynamic side-chain

polymers
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[3c – e] [13], disulphides [3b] [13], thioesters [14], Michael addition of thiols [15],
alkene metathesis [16], and enzyme-catalyzed aldol formation [17].

Acylhydrazones are particularly well suited for DCC. Acylhydrazone formation can
occur rapidly and in high yield in aqueous solution depending on the nature of the
substituents in proximity to the carbonyl/aldehyde functionality, and exchange can be
fast at pH 5 or even at physiological pH but is essentially stopped at pH> 9 [18c] [19].
For the purpose of generating reversible analogues of nucleic acid strands, the
acylhydrazone bond is also appealing as it presents both an amide/peptide bond, which
has been used widely as a phosphodiester surrogate in modified oligonucleotides [20],
and a reversible imine unit [4b]. We thus chose to select monomeric components
bearing hydrazide and aldehyde sites as complementary functional groups.

Attention has been paid here to the synthesis of components which differ in terms
of flexibility, length, net formal charge, and the types of functional groups adjacent to
the hydrazide or to masked aldehyde groups (Fig. 2). It was envisaged that such factors
would affect the extent of condensation, solubility, and molecular recognition
properties of the polymers. In addition, building blocks were selected such that the
recognition groups be distant from the aldehyde or hydrazide (or amine) moieties, so as
to favour the formation of isoenergetic [2a] libraries. Finally, component structures
were designed such that after acylhydrazone formation, the polymer products would
resemble other analogues of DNA strands which are known to show high binding
affinity to complementary ssDNA [21 – 23].

2.1. Hetero-Bifunctionalised Nucleotide Analogues. A poly(acylhydrazone) gener-
ated by polycondensation of a monomer of type I (Fig. 2) is structurally similar to PNA
[21] but contains in addition reversible acylhydrazone bonds instead of the amide bond.
Monomer I was also selected as a target because a monomer unit should not readily
undergo intramolecular cyclisation and was synthetically appealing, as it contains the
same nucleobase-carboxylic acid moiety as found in PNA, for which synthetic protocols

Fig. 2. Overview of bifunctional heterotopic nucleotide analogues I –V
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are well-established [24]. To ensure high water solubility of the polymer product, we
decided to investigate also nucleotide analogues incorporating a positive charge.
Indeed, this could increase binding affinity for the DNA polyanion via coulombic
attraction. We thus selected monomers of type II (Fig. 2) which are identical to the
acylhydrazone linked PNA monomers except that the C¼O group has been replaced
by a CH2 group. The resulting tertiary amine should be substantially protonated in the
pH range 5.0 – 7.0 [25]. In addition, it has been shown that an aldehyde group a to the
tertiary amine of piperidine reacts readily with acetylhydrazide, albeit slower than the
a-oxy or a-amido aldehydes [19b].

Results from our laboratory have revealed that a-oxy aldehydes react very fast and
to a high percent of formation with hydrazides, and undergo rapid exchange upon
addition of a second hydrazide [19b]. We thus envisaged that nucleotide analogues of
type III, derived from morpholine (Fig. 2), may likewise undergo condensation and
exchange. Furthermore, such constrained monomers should not be susceptible to
intramolecular cyclisation and are structurally related to the monomeric repeat units of
modified oligonucleotides known to hybridise strongly to complementary ssDNA [22].
Monomer units of type IV (Fig. 2) have a more flexible backbone and contain an a-
amido aldehyde functionality for acylhydrazone formation and exchange, as well as a
nucleobase linked through a secondary amine group so as to favour aqueous solubility.

Length-specific oligomerisation of nucleotide analogues bearing amine and
aldehyde functionalities has been shown to be catalysed by complementary ssDNA
upon addition of sodium cyanoborohydride (NaCNBH3) [26]. We were, however,
intrigued by the possibility of using monomer units which could form polyimines in the
absence of a template. Previous studies in our laboratory revealed that aldehydes with
an a-OH group form particularly stable imines, presumably through H-bond
stabilisation of the intermediate hemi-aminal [27]. Monomers of type V (Fig. 2),
which are derived from Glucopyranosyl Nucleic Acids (GNA) [23], satisfy this
criterion. In addition, such monomers cannot undergo cyclisation due to structural
constraints, and, furthermore, GNA oligomers hybridise with complementary ssDNA
with an average increase in Tm of þ 1.08 per modification compared with isosequential
ssDNA [23].

Toward the synthesis of type I monomers (Fig. 2), nucleobase acids 1 and 2 were
synthesised as described in the literature [24b,c], while amine 3 was obtained by
reductive amination of glyoxal dimethyl acetal with glycine methyl ester hydrochloride
[28]. Coupling reactions of these nucleobase acids 1 and 2 with amine 3 were effected
using diisopropylcarbodiimide/1-hydroxybenzotriazole (HOBt) in DMF to give the
corresponding ester derivatives 4 and 5, respectively (Scheme 1). Treatment of ester 4
with 5 equiv. NH2NH2 ·H2O in EtOH resulted in precipitation of the corresponding
hydrazide 6. Similarly, ester 5 reacted with 5 equiv. NH2NH2 ·H2O in EtOH with
concomitant removal of the N6-benzoyl (Bz) protecting group to give hydrazide 7. Due
to their potential to undergo spontaneous polymerization, all bifunctionalised
monomers were synthesised with acid-sensitive protecting groups such that subsequent
deprotection could be performed in situ using HCl without introducing undesirable
side-products into the reaction medium.

For the synthesis of monomers of type II (Fig. 2), aldehyde 8 was synthesised
according to a known procedure [29]. The ester 9 was then obtained by reductive
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amination of aldehyde 8 with amine 3 using NaCNBH3 and 4 equiv. of AcOH as
catalyst. Treatment of ester 9 with NH2NH2 ·H2O gave the corresponding hydrazide 10
(Scheme 2).

Next, we turned our attention to the synthesis of nucleotide analogues of type III
(Fig. 2). Periodate cleavage of the 1’,2’-diol group of uridine 11, followed by reductive
amination using ammonium tetraborate, gave the morpholine-derived nucleoside 12
[30]. This amine 12 was protected with the (9H-fluoren-9-yl)methoxycarbonyl (Fmoc)
group upon reaction with Fmoc chloride to give the alcohol 13 in 93% yield
(Scheme 3). After testing several oxidation methods, we found that the best yield for
the oxidation of alcohol 13was obtained using theDess –Martin periodinane reagent to
give the corresponding aldehyde. This aldehyde was then immediately protected as its
dimethyl acetal using trimethyl orthoformate and TsOH to give acetal 14. Deprotection
of the Fmoc group from 14 was carried out using a 5% (v/v) solution of piperidine in
THF, resulting in amine 15. Formation of the protected semicarbazide was achieved by
firstly reacting tert-butyl carbazate (NH2NHCOOtBu) with N,N’-carbonyldiimidazole

Scheme 2. Synthesis of the Protected Bifunctional Adeninyl Monomer 10

a) NaCNBH3, MeOH, AcOH, r.t. b) NH2NH2 ·H2O, EtOH, r.t.
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Scheme 1. Synthesis of the Protected Bifunctional Thyminyl and Adeninyl Monomers 6 and 7

a) Diisopropylcarbodiimide, 1-hydroxybenzotriazole (HOBt), DMF, r.t. b) NH2NH2 ·H2O, EtOH, r.t.



in DMF for 5 h, followed by coupling with amine 15 to give acetal 16 in 80% yield
(Scheme 3).

A short and convenient synthetic route was developed toward monomer IV (Fig. 2)
starting from aspartic acid derivative 17. Coupling of 17 with NH2NHCOOtBu using
diisopropylcarbodiimide and HOBt gave ester 18 (Scheme 4). Treatment of 18 with 2
equiv. of aminoacetaldehyde dimethyl acetal for 48 h in THF resulted in the
simultaneous displacement of the benzyl ester and deprotection of the Fmoc protecting
group to give the amino derivative 19 in 70% yield. Finally, 19was reacted with thymine
aldehyde 20 [29] under reductive amination conditions to give the thyminylamino
derivative 21.

To synthesise the monomer unit containing amine and aldehyde functionality such
as V (Fig. 2) required a synthetic route different from that used to synthesise the

Scheme 4. Synthesis of the Hydrazido-Protected Thyminyl Monomer 21

a) Diisopropylcarbodiimide, NH2NHCOOtBu, HOBt, r.t. b) Aminoacetaldehyde dimethyl acetal, THF,
r.t. c) 20, NaCNBH3, AcOH, MeOH, r.t.
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Scheme 3. Synthesis of the Protected Bifunctional Uridinyl Monomer 16

a) NaIO4, ammonium tetraborate, r.t. b) (9H-fluoren-9-yl)methoxycarbonyl (Fmoc) chloride, EtN(i-
Pr)2 (DIPEA), THF, 58! r.t. c) Dess –Martin periodinane, CH2Cl2; then trimethyl orthoformate,
MeOH, TsOH, r.t. d) 5% (v/v) piperidine in THF, r.t. e) N,N’-carbonyldiimidazole, tert-butyl carbazate

(NH2NHCOOtBu), DMF, r.t.; then 15, DMF, r.t.



monomers of GNA, since the latter retained protecting groups which were incompat-
ible with our needs for mild in situ deprotection. The synthesis starts from the
(benzyloxy)carbonyl (CBz)-protected d-glucosamine derivative 22 (Scheme 5) [31].
Acetylation of 22 using Ac2O in pyridine gave the desired b-anomer 23 after
crystallisation. Insertion of thymine at the anomeric position under Vorbr/ggen
conditions gave thymine derivative 24 in 80% yield, which was deacetylated with Et3N
in MeOH/H2O to give the triol 25 in 90% yield. The cis,trans secondary diols of 25
could be selectively protected by reaction with butane-2,3-dione and trimethyl
orthoformate using an acid catalyst to give 26 in 72% yield (Scheme 5). Oxidation of
26 using trichloroisocyanuric acid and 2,2,6,6-tetramethylpiperidinooxy (TEMPO)
gave the corresponding aldehyde, which was directly protected as its dimethyl acetal
using trimethyl orthoformate to give acetal 27. Transfer hydrogenation using cyclo-
hexene removed the CBz protecting group on 27 to give the amino derivative 28 in 69%
yield.

2.2. Self-Condensation of Hetero-Bifunctional Nucleotide Analogues. The ability of
hydrazides 6 and 7 to oligomerise upon acetal deprotection was evaluated next. The
dimethyl acetal groups of 6 and 7 (200 mm each) were hydrolysed in situ with 0.3m and
0.5m DCl, respectively, in D2O, so that the deprotection could be monitored by
1H-NMR. During 48 h, acetal deprotection was found to be complete whereupon the
solution was immediately diluted tenfold to give 20 mm solutions in acetate buffer with
final pD values of 3.4, 5.0, and 7.0. Both MALDI- and ESI-MS spectra of these
solutions showed peaks at m/z 863 and 1144 corresponding to linear trimeric (pD 3.4
only) and tetrameric oligomers, respectively.

Scheme 5. Synthesis of the Aldehyde-Protected GNA-Like Bifunctional Monomer 28

a) Ac2O, pyridine, 08! r.t. b) Thymine, N,O-bis[(trimethylsilyl)acetamide], MeCN, 208 then 23,
trimethylsilyl trifluoromethanesulfonate, 808. c) Et3N, MeOH, H2O, r.t. d) Butane-2,3-dione, (þ)-
camphor-10-sulfonic acid monohydrate, trimethyl orthoformate, MeOH, reflux. e) Trichloroisocyanuric
acid, 2,2,6,6-tetramethylpiperidinooxy (TEMPO), CH2Cl2, r.t. then trimethyl orthoformate, (þ)-

camphor-10-sulfonic acid monohydrate, MeOH, r.t. f) Cyclohexene, Pd/C, EtOH, reflux.
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To better understand why longer oligomers or polymers were not formed, the
condensation of equimolar amounts of hydrazide 7 with different aldehyde hydrates 8,
51, and 52, was evaluated as a function of time using 1H-NMR spectroscopy (Fig. 3).

Aldehyde hydrates 8, 51, and 52 were formed in situ by monitoring the deprotection
of stock solutions of the corresponding acetals using DCl. Upon dilution with acetate
buffer (pD 5.0), 8 and 52 reacted with hydrazide 7 to give only 50% acylhydrazone
formation at equilibrium and with a t1/2 value of 20 min (Fig. 3). In contrast, aldehyde
hydrate 51 reacted with 7 to give over 70% product formation at equilibrium with a t1/2
value of ca. 2 min. Other a-amido aldehydes similar to 51 have been found to react
readily with the hydrazide functionality [19b]. This difference in reactivity may be due
to steric hindrance of the aldehyde functionalities in aldehyde hydrates 8 and 52
compared with 51 or to the a-amido NH bond which may stabilise the intermediate
hemi-aminal. Whatever the determining factor, the data show that subtle modifications
in aldehyde substituents can considerably alter their ability to condense with
hydrazides in aqueous media. Furthermore, the degree of polymerisation (DP) in
closed-system equilibrium polymerisation reactions is related to the degree of product
formation such that 50% acylhydrazone formation can only be expected to give a DP¼
2 [32]. Thus, high-yielding reactions or higher concentrations are necessary in order to
access long oligomers or polymers. Experiments are now underway in our laboratory to
evaluate whether these short oligomers can polymerise in the presence of comple-
mentary ssDNA. The ability of the other bifunctionalised components of type II –V to
oligomerise in aqueous media is also being investigated.

2.3. Synthesis of Monofunctionalised Components. To decorate a polymer or core
group functionalised with either aldehyde or hydrazide side-chain groups, nucleoside or
nucleobase derivatives containing either a hydrazide or aldehyde group respectively,
VI –X were synthesised (Fig. 4).

Fig. 3. Condensation of hydrazide 7 with aldehydes 8, 51, and 52, followed by 1H-NMR spectroscopy.
Each compound 15 mm, pD 5.0, 208.
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Since NH2NH2 readily undergoes an addition reaction with the pyrimidine bases,
the hydrazide-functionalised nucleobases 34 and 36 were obtained by first coupling the
nucleobase acids 1 and 29 [24a], respectively, with NH2NHCOOtBu using N-[3-
(dimethylamino)propyl]-N’-ethylcarbodiimide hydrochloride (EDC) (Scheme 6). The
thymidyl intermediate was then treated directly with aq. HCl to give the hydrazide 34,
while the CBz protecting group on cytidyl intermediate 35 was first removed by
hydrogenation using cyclohexene as a hydrogen source over Pd/C, and then likewise
treated with 1m aq. HCl to give the hydrazide 36. Purine bases are, however, much less
susceptible to nucleophilic attack, and thus ester 30 [33] was converted directly into
hydrazide 31 upon simple treatment with excess NH2NH2 ·H2O (Scheme 6). Likewise,
guanine hydrazide 33 was formed by hydrazinolysis of the ester 32 [34]. Acetals 37 and

Fig. 4. Overview of monofunctional nucleobase/nucleoside derivatives VI –X
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Scheme 6. Synthesis of the Hydrazido- and Acetal-Functionalised Derivatives 31, 33, 34, 36, 37, and 39

a) NH2NHCOOtBu, N-[3-(dimethylamino)propyl]-N’-ethylcarbodiimide hydrochloride (EDC), DMF,
208 ; then for 1, 1m aq. HCl, 208. b) 10% Pd/C, cyclohexene, EtOH, reflux; then 1m aq. HCl, 208. c)
Aminoacetaldehyde dimethyl acetal, EDC, DMF, 208. d) NH2NH2 ·H2O, MeOH, reflux. e) 10% Pd/C,

cyclohexene, EtOH, reflux.



38 were obtained via EDC coupling of the acids 1 and 29 with aminoacetaldehyde
dimethyl acetal, respectively. Hydrogenation of CBz-protected 38 gave the acetal 39 in
near quantitative yield.

Reductive amination of thymine aldehyde hydrate 20 or adenine aldehyde hydrate
8 with (methylamino)acetaldehyde dimethyl acetal gave the corresponding acetals 40
and 41, respectively (Scheme 7).

The 5’-(hydrazinocarbonyl)adenosine 45 (Scheme 8) was synthesised as reported in
[35]. The 5’-(hydrazinocarbonyl)nucleoside analogues 46 and 47 were obtained from
the esters 43 and 44, respectively [36] [37], by hydrazinolysis in MeOH or EtOH.
Synthesis of the corresponding guanosine derivative 48 is described in [12c]. The
acetals 49 and 50 were obtained by heating esters 42 and 43, respectively, in
aminoacetaldehyde dimethyl acetal as a solvent. Acetals 49 and 50 are also intriguing
for their potential to form polyacetals in the presence of complementary ssDNA via
self-condensation of the aldehyde with the 2’,3’-diol functionality of the ribose ring.

Acylhydrazone Formation. To investigate the suitability of such monofunctionalised
components for DCC, nucleobase aldehyde hydrate 54 was condensed with hydrazides
34, 36, and 57 to give the corresponding acylhydrazones in 76, 72, and 60% yield,
respectively, at equilibrium and with a t1/2 value of maximum 7 min (Fig. 5 and Table).
Nucleobase aldehyde hydrates 53 – 55 were next condensed with valine hydrazide 56
[19b] at pD 5.0 and 15 mm concentration each, and the reaction was followed by
1H-NMR spectroscopy. Aldehyde hydrates 53 – 55 all formed acylhydrazones very fast

Scheme 7. Synthesis of the Acetal-Functionalised Nucleobase Derivatives 40 and 41

a) NaCNBH3, AcOH, r.t

Scheme 8. Synthesis of Hydrazido- and Acetal-Functionalised Ribonucleosides 45 – 50

a) NH2NH2 ·H2O, MeOH, 208. b) Aminoacetaldehyde dimethyl acetal, 60 – 708.
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(t1/2< 15 min) and gave equilibrium yields of 62 – 67% (Table), demonstrating that
such compounds are sufficiently isoenergetic for use in DCC libraries. Lysine hydrazide
57 [19b] was then added to the solution, and the exchange was again monitored by
1H-NMR spectroscopy. As can be seen from the Table, acylhydrazones formed from
aldehyde hydrates 53 – 55 all underwent efficient hydrazide exchange upon addition of
lysine hydrazide 57 at pD 5.0.

3. Conclusions. – A variety of mono- and bifunctionalised nucleic acid components
have been synthesised for application in dynamic combinatorial chemistry (DCC).
Preliminary data have been obtained on the ability of these components to generate
dynamic nucleic acids (DyNAs) [6b], reversible polymers bearing nucleobase groups.
Further exploration of these features is warranted in order to evaluate the potential of
such dynamic analogues of biopolymers.

This work was supported by a Marie-Curie Human Potential Individual Fellowship (D. T. H.), the
Collège de France (D. T. H. and N. S.), and the French Ministry of Research (N. S.).

Experimental Part

General. All reagents were purchased from commercial suppliers and used without any further
purification. TLC: Polygram Sil-G/UV254 pre-coated plastic sheets. Flash chromatography (FC): 230 –
400-mesh silica-gel particles from Merck. M.p.: B/chi B-540 melting-point apparatus; uncorrected. 1H-
(200 or 400 MHz) and 13C-NMR (50 or 101 MHz) spectra: Bruker AC-200, Avance-400 spectrometers,
resp.; chemical shifts d in ppm downfield from TMS (d¼ 0); coupling constants J in Hz. Electrospray-
ionisation mass spectrometry (ESI-MS): Bruker Micro-TOF mass spectrometer; fast-atom-bombard-
ment (FAB) MS, and low- or high-resolution (HR) MS: carried out by the Service dKAnalyse de

Helvetica Chimica Acta – Vol. 91 (2008) 11

Fig. 5. Aldehyde- and hydrazide-functionalised nucleobase and amino acid derivatives

Table. Acylhydrazone Formation of Selected Nucleobase Aldehyde and Hydrazide Derivatives, and Then
Exchange upon Addition of a Second Hydrazide 57 Determined by 1H-NMR Spectroscopya)

Aldehyde Hydrazide Yield of acylhydrazone [%] t1/2(formation) [min] t1/2(exchange) [min]

53 56 65 12 20 – 25
54 34 76 5 n.d.b)
54 36 72 < 2 n.d.
54 57 60 7 n.d.
54 56 62 < 2 10
55 56 67 6 20 – 25

a) Concentration of each compound 15 mm, pD 5.0, 208. b) n.d.: Not determined.



lKUniversité Louis Pasteur, in m/z (rel.%). Microanalyses were performed by the Service Central de
Microanalyse du CNRS, Faculté de Chimie, Strasbourg.

Methyl 2-{(2,2-Dimethoxyethyl)[2-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)acetyl]ami-
no}acetate (4). To a soln. of methyl 2-[(2,2-dimethoxyethyl)amino]acetate (3) in DMF (10.0 ml) was
addedHOBt (1.21 g, 8.93 mmol), followed byN-methylmorpholine (980 ml, 17.9 mmol). To this soln. was
then added a soln. of (thymin-1-yl)acetic acid (1; 1.64 g, 8.93 mmol) in DMF (10 ml) and then
diisopropylcarbodiimide (1.67 ml, 10.7 mmol). The soln. was stirred at r.t. for 16 h, then the resulting
cloudy soln. was filtered. To the filtrate, H2O (5 ml) was added, and the soln. was evaporated to dryness
and then extracted from H2O (50 ml) with CHCl3/EtOH 2 :1 (total 5� 50 ml). The org. fractions were
combined, washed with brine (50 ml), and dried (Na2SO4). After filtration and evaporation, the crude
product was purified by FC (SiO2; AcOEt) to give 4 (2.58 g, 84%). White solid. M.p. 103 – 1058. 1H-NMR
(200 MHz, CDCl3): 9.34, 9.29 (2s, total 1 H); 7.03, 6.98 (2s, total 1 H); 4.68, 4.47 (2s, total 2 H); 4.52, 4.33
(2t, J¼ 5.1, 4.9, total 1 H); 4.24, 4.15 (2s, total 2 H); 3.78, 3.70 (2s, total 3 H); 3.53 – 3.46 (m, 2 H); 3.45,
3.34 (2s, total 6 H); 1.90, 1.89 (2d, J¼ 1.1, total 3 H). 13C-NMR (50 MHz, CDCl3): 170.0; 169.6; 168.0;
164.8; 151.5; 141.5; 141.3; 103.4; 103.3; 110.3; 110.6; 55.6; 54.9; 52.6; 52.3; 51.2; 50.6; 50.4; 49.4; 48.1; 47.9;
12.3. FAB-MS: 344.1 ([MþH]þ , 65), 312.1 (100). HR-FAB-MS: 344.1462 (C14H22N3O

þ
7 ; calc. 344.1458).

Methyl 2-{[2-(6-(Benzoylamino)purin-9-yl)acetyl](2,2-dimethoxyethyl)amino}acetate (5). Proce-
dure as for 4 gave 5 (630 mg, 57%). White solid. M.p. 80 – 818. 1H-NMR (400 MHz, CDCl3): 9.08 (s,
1 H); 8.84, 8.83 (2s, total 1 H); 8.21, 8.17 (2s, total 1 H); 8.07, 8.05 (2s, total 2 H); 7.68 – 7.50 (m, total 3 H);
5.36, 5.12 (2s, total 2 H); 4.61, 4.39 (2t, J¼ 5.0, 4.9, total 1 H); 4.40, 4.23 (2s, total 2 H); 3.88, 3.77 (2s, total
3 H); 3.67, 3.57 (2d, J¼ 5.3, 4.7, total 2 H); 3.56, 3.39 (2s, total 6 H). 13C-NMR (101 MHz, CDCl3): 169.6;
169.2; 167.0; 166.9; 164.7; 152.6; 152.2; 149.4; 144.2; 144.1; 133.8; 133.7; 132.7; 132.6; 128.8; 127.9; 122.2;
103.4; 103.3; 55.7; 55.1; 52.8; 52.3; 51.5; 50.8; 50.4; 49.5; 44.0; 43.8; 42.1; 23.5. FAB-MS: 457.2 ([MþH]þ ,
100). HR-FAB-MS: 457.1834 (C21H25N6O

þ
6 ; calc. 457.1836).

N-(2,2-Dimethoxyethyl)-N-[(hydrazinocarbonyl)methyl]-2-(5-methyl-2,4-dioxo-3,4-dihydropyrimi-
din-1(2H)-yl)acetamide (6). To a soln. of 4 (207 mg, 0.60 mmol) in EtOH (3 ml) was added NH2NH2 ·
H2O (146 ml, 3.02 mmol), and the soln. was stirred at r.t. for 8 h. The resulting precipitate was filtered
and washed extensively with EtOH. Drying under vacuum gave 6 (130 mg, 63%). White solid. M.p. 124 –
1268. 1H-NMR (200 MHz, D2O): 7.40, 7.37 (2s, total 1 H); 4.88, 4.73 (2s, total 2 H); 4.70, 4.54 (2t, J¼ 4.7,
3.7, total 1 H); 4.27, 4.14 (2s, total 2 H); 3.63 (d, J¼ 4.4, 1 H); 3.53 (s, 5 H); 3.43 (s, 2 H); 1.90 (s, 3 H).
13C-NMR (50 MHz, D2O): 170.7; 170.6; 170.2; 169.5; 167.6; 152.9; 152.9; 143.9; 143.8; 111.6; 111.5; 104.2;
103.6; 56.8; 55.8; 51.6; 50.7; 50.6; 50.5; 50.1; 49.9; 12.0. ESI-MS: 687.3109 ([2MþH]þ , C13H21N5O6; calc.
343.1486). Anal. calc. for C13H21N5O6: C 45.48, H 6.17, N 20.40; found: C13H21N5O6 · 0.1 H2O: C 45.24, H
6.19, N 20.29.

2-(6-Aminopurin-9-yl)-N-(2,2-dimethoxyethyl)-N-[(hydrazinocarbonyl)methyl]acetamide (7). To a
soln. of 5 (700 mg, 1.54 mmol) in EtOH (20 ml) was added NH2NH2 ·H2O (373 ml, 7.68 mmol), and the
soln. was stirred at r.t. for 48 h. The resulting precipitate was filtered and washed with cold EtOH (10 ml)
to give 7 (363 mg, 67%). White solid. M.p. 190 – 1928. 1H-NMR (400 MHz, D2O): 8.09 (s, 1 H); 7.98, 7.97
(2s, total 1 H); 5.28, 5.15 (2s, total 2 H); 4.66, 4.42 (2t, J¼ 4.9, 4.5, total 1 H); 4.27, 4.05 (2s, total 2 H);
3.64, 3.44 (2d, J¼ 5.3, 4.7, total 2 H); 3.46, 3.31 (2s, total 6 H). 13C-NMR (101 MHz, D2O): 170.1; 170.1;
170.0; 169.4; 155.8; 153.1; 149.6; 149.6; 143.4; 118.4; 104.1; 103.5; 56.7; 55.7; 51.6; 50.8; 50.6; 45.4. FAB-
MS: 353.1 ([MþH]þ , 100), 321.1 (20). HR-FAB-MS: 353.1685 ([MþH]þ , C13H21N8O

þ
4 ; calc. 353.1686).

Methyl 2-{[2-(6-Aminopurin-9-yl)ethyl](2,2-dimethoxyethyl)amino}acetate (9). To a suspension of
(adenin-9-yl)ethanal hydrate hydrochloride (8 ; 125 mg, 0.54 mmol) in MeOH (5 ml) was added 3 (96 mg,
0.54 mmol) in MeOH (2 ml), followed by NaCNBH3 (68 mg, 1.08 mmol) and then AcOH (123 ml,
2.16 mmol). The mixture was stirred at r.t. for 6 h, and then the reaction was quenched with sat. aq.
NaHCO3 (5 ml). AcOEt (30 ml) and H2O (30 ml) were added. The org. phase was extracted (total 3�
30 ml of AcOEt), and the org. fractions were combined, washed with sat. brine, and dried (Na2SO4).
After filtration and evaporation, the crude product was purified by FC (SiO2; 5! 10% MeOH in
CH2Cl2) to give 9 (89 mg, 49%). White solid. M.p. 96 – 988. 1H-NMR (400 MHz, CDCl3): 8.32 (s, 1 H);
8.03 (s, 1 H); 6.00 (s, 2 H); 4.20 – 4.26 (m, 3 H); 3.63 (s, 3 H); 3.40 (s, 2 H); 3.27 (s, 6 H); 3.13 (t, J¼ 5.7,
2 H); 2.80 (d, J¼ 5.0, 2 H). 13C-NMR (101 MHz, CDCl3): 171.9; 155.9; 152.9; 150.1; 141.9; 119.5; 104.2;
56.6; 56.2; 55.3; 54.1; 51.6; 42.6. FAB-MS: 339.1 ([MþH]þ , 100). HR-FAB-MS: 339.1774 ([MþH]þ ,
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C14H23N6O
þ
4 ; calc. 339.1781). Anal. calc. for C14H22N6O4: C 49.70, H 6.55, N 24.84; found: C 49.57, H 6.71,

N 24.44.
2-{[2-(6-Aminopurin-9-yl)ethyl](2,2-dimethoxyethyl)amino}acetohydrazide (10). To a soln. of 9

(69 mg, 0.204 mmol) in EtOH (4 ml) was added NH2NH2 ·H2O (250 ml, 5.10 mmol), and the soln. was
stirred at r.t. for 24 h and then evaporated under reduced pressure to give 10 (68 mg, 99%). White solid.
M.p. 170 – 1728. 1H-NMR (400 MHz, D2O): 8.24 (s, 1 H); 8.14 (s, 1 H); 4.30 (dd, J¼ 5.6, 5.6, 2 H); 3.93 (t,
J¼ 5.3, 1 H); 3.33 (s, 2 H); 3.13 (s, 6 H); 3.07 (dd, J¼ 5.6, 5.6, 2 H); 2.56 (d, J¼ 5.3, 2 H). 13C-NMR
(101 MHz, CD3OD): 172.7; 157.4; 153.7; 150.9; 143.4; 120.0; 105.1; 58.7; 58.6; 56.6; 54.8; 43.6. FAB-MS:
339.1 ([MþH]þ , 100). HR-FAB-MS: 339.1895 ([MþH]þ , C13H23N8O

þ
3 ; calc. 339.1893). Anal. calc. for

C13H22O3N8 · 0.5 H2O: C 44.95, H 6.67, N 32.26; found: C 45.00, H 6.81, N 32.12.
(9H-Fluoren-9-yl)methyl 2-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-6-(hydroxymethyl)morpho-

line-4-carboxylate (13). To a suspension of 2-(2,4-dioxo-3,4-dihydropyridmidin-1(2H)-yl)-6-(hydrox-
ymethyl)morpholine (12 ; 0.82 g, 3.61 mmol) in THF (20 ml) was added (i-Pr)2NH (753 ml, 4.33 mmol),
and the soln. was cooled in an ice-bath. Fmoc chloride (0.98 g, 3.79 mmol) was then added, and, after a
couple of min, the temp. was raised to r.t. Stirring was continued for a further 2 h, and then to the
resulting homogenous soln. was added H2O (2 ml), and the org. solvents were then removed under
reduced pressure. AcOEt (30 ml) and H2O (30 ml) were then added, and the org. phase was isolated.
After repeated extraction with AcOEt (5� 30 ml), the org. phases were combined and dried (Na2SO4).
Filtration and evaporation gave a crude product, which was purified by FC (SiO2; AcOEt) to give 13
(1.50 g, 93%). White solid. M.p. > 1408 (dec.). 1H-NMR (200 MHz, CD3OD): 7.84 – 7.77 (m, 2 H); 7.72
(d, J¼ 4.0, 1 H); 7.64 – 7.57 (m, 2 H); 7.45 – 7.30 (m, 4 H); 5.71 (d, J¼ 3.6, 1 H); 5.68 – 5.47 (br. m, 1 H);
4.49 (dd, J¼ 3.0, 5.2, 1 H); 4.42 – 4.30, 4.75 – 4.60 (2 br.m, total 1 H); 4.24 (t, J¼ 3.0, 1 H); 4.17 – 4.00 (m,
1 H); 3.80 – 3.40 (m, 4 H); 2.95 – 2.70 (m, 2 H). 13C-NMR (101 MHz, CD3OD): 164.5; 155.1; 150.1; 143.7;
141.2; 140.6; 127.4; 126.9; 124.7; 119.6; 101.5; 79.1; 76.9; 61.7; 53.4. FAB-MS: 450 ([MþH]þ , 100), 179.2
(100). HR-FAB-MS: 450.1666 ([MþH]þ , C24H24N3O

þ
6 ; calc. 450.1665).

(9H-Fluoren-9-yl)methyl 2-(Dimethoxymethyl)-6-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)mor-
pholine-4-carboxylate (14). To a soln. of 13 (0.78 g, 1.74 mmol) in dry CH2Cl2 (30 ml) was added the
Dess –Martin periodinane reagent (0.96 g, 2.26 mmol) in two portions separated by 15 min. The soln. was
then stirred under Ar for 12 h, and then a further quantity of the Dess –Martin periodinane (0.52 g,
1.22 mmol) was added, again in two portions separated by 15 min. Stirring was continued for a further
2 h, whereupon the suspension was filtered, and to the filtrate was added MeOH (2 ml), and then the
soln. was evaporated under reduced pressure. Purification by FC (SiO2; MeOH/CH2Cl2 1 :19) gave the
corresponding aldehyde (0.55 g, 71%) as a white solid. To a soln. of this aldehyde (465 mg, 1.04 mmol) in
MeOH (5 ml) were added trimethyl orthoformate (5 ml) and then TsOH (198 mg, 1.04 mmol). The soln.
was stirred at r.t. for 30 min and then cooled in an ice-bath. The reaction was quenched by the dropwise
addition of an aq. soln. of Na2CO3 (10% (w/v), 20 ml), followed by AcOEt (30 ml). The org. phase was
separated and extracted from the aq. phase (total 4� 30 ml of AcOEt). The org. fractions were
combined, washed with brine, dried (Na2SO4), filtered and evaporated under vacuum. Purification by FC
(SiO2; AcOEt/hexane 3 :2) gave 14 (461 mg, 90%). White solid. M.p. 112 – 1148. 1H-NMR (200 MHz,
CDCl3): 8.86 (br., 1 H); 7.20 – 7.80 (m, 9 H); 5.77 (d, 1 H); 5.67 (dd, J ¼ 10.0, 2.9, 1 H); 4.60 – 4.20 (m,
6 H); 3.74 – 3.62 (m, 1 H); 3.43 (d, J¼ 3.3, 6 H); 2.95 – 2.65 (m, 2 H). 13C-NMR (50 MHz, CDCl3): 163.3;
154.8; 149.8; 143.7; 141.2; 139.2; 127.7; 127.1; 125.0; 120.0; 103.1; 102.9; 55.5; 54.1; 47.0. FAB-MS: 494.3
([MþH]þ , 17), 179.2 (100); HR-FAB-MS: 494.1925 ([MþH]þ , C26H28N3O

þ
7 ; calc. 494.1927).

1-[6-(Dimethoxymethyl)morpholin-2-yl]pyrimidine-2,4(1H,3H)-dione (15). A soln. of 14 (340 mg,
0.69 mmol) in a 5% (v/v) soln. of piperidine in THF (total volume 5 ml) was stirred at r.t. for 8 h, and then
evaporated under reduced pressure. Purification by FC (SiO2; MeOH/CH2Cl2 1 :9) gave 15 (178 mg,
95%). White solid. M.p. 193 – 1958. 1H-NMR (400 MHz, CD3OD): 7.73 (d, J¼ 8.2, 1 H); 5.73 (d, J¼ 8.2,
1 H); 5.72 (dd, J¼ 2.6, 2.6, 1 H); 4.36 (d, J¼ 5.8, 1 H); 3.83 – 3.91 (m, 1 H); 3.42, 3.44 (2s, total 6 H); 3.01
(dd, J¼ 12.6, 2.6, 1 H); 2.93 (dd, J¼ 13.2, 2.6, 1 H); 2.72 (dd, J¼ 10.2, 10.2, 1 H); 2.63 (dd, J¼ 10.8, 10.8,
1 H). 13C-NMR (101 MHz, CD3OD): 164.5; 150.3; 140.8; 104.0; 101.4; 80.1; 77.4; 54.5; 53.2; 44.0. FAB-
MS: 272.2 ([MþH]þ , 100). HR-FAB-MS: 272.1245 ([MþH]þ , C11H18N3O

þ
5 ; calc. 272.1246).

tert-Butyl N’-[2-(Dimethoxymethyl)-6-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)morpholine-4-car-
bonyl]hydrazinecarboxylate (16). To a soln. ofN,N’-carbonyldiimidazole (23 mg, 0.14 mmol) in dry DMF
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(3 ml) was added NH2NHCOOtBu (19 mg, 0.14 mmol), and the soln. was stirred at r.t. under Ar for 5 h.
A soln. of 15 (35 mg, 0.13 mmol) in dry DMF (3 ml) was then added, and the soln. was stirred at r.t. for a
further 1 h. The reaction was quenched by the addition of a 10% (w/v) aq. soln. of NaHCO3 (20 ml).
AcOEt (20 ml) was then added, and the org. phase was extracted (total 5� 20 ml of AcOEt). The org.
fractions were combined, washed with brine, and dried (Na2SO4). Filtration and evaporation gave a
crude product, which was purified by FC (SiO2; MeOH/CH2Cl2 1 :19) to give 16 (44 mg, 80%). White
solid. M.p. > 1188 (dec.). 1H-NMR (400 MHz, CDCl3): 8.65 (br. s, 1 H); 7.43 (d, J¼ 8.2, 1 H); 6.85 (s,
1 H); 6.41 (d, J¼ 3.2, 1 H); 5.76 (d, J¼ 8.2, 1 H); 5.72 (dd, J¼ 2.9, 2.9, 1 H); 4.35 (d, J¼ 5.2, 1 H); 4.20 –
4.12 (m, 1 H); 4.00 – 3.85 (m, 2 H); 3.45, 3.41 (2s, total 6 H); 2.93 – 2.78 (m, 2 H); 1.47 (s, 9 H). 13C-NMR
(101 MHz, CDCl3): 163.5; 157.8; 156.9; 150.2; 139.6; 103.6; 103.2; 81.6; 79.4; 75.7; 55.8; 54.6; 46.9; 43.4;
28.3. FAB-MS: 452.3 ([MþNa]þ , 10), 430.3 ([MþH]þ , 72), 342.2 (100). HR-FAB-MS: 430.1931 ([Mþ
H]þ , C17H28N5O

þ
8 ; calc. 430.1938).

Benzyl 4-{N’-[(tert-Butoxy)carbonyl]hydrazino}-3-({[(9H-fluoren-9-yl)methoxy]carbonyl}amino)-
4-oxobutanoate (18). To a soln. of Fmoc-L-Asp(OBzl)-OH (17; 3 g, 6.74 mmol) in dry CH2Cl2 (30 ml)
were added HOBt (0.91 g, 6.74 mmol), NH2NHCOOtBu (0.89 g, 6.74 mmol), and then diisopropylcar-
bodiimide (1.05 ml, 6.74 mmol). The soln. was stirred at r.t. under Ar for 14 h, during which time a fine
precipitate formed. This was filtered through a plug of Celite, and to the filtrate was added H2O (30 ml).
The org. phase was extracted (total 3� 50 ml of CH2Cl2), the org. fractions were combined, washed with
brine, and dried (Na2SO4). Filtration and evaporation under reduced pressure gave a crude product that
was recrystallised (hexane/AcOEt) to give 18 (3.00 g, 80%). White crystalline solid. M.p. 151 – 1528.
1H-NMR (400 MHz, CDCl3): 8.29 (br. s, 1 H); 7.78 (d, J¼ 7.6, 2 H); 7.59 (d, J¼ 7.3, 2 H); 7.30 – 7.50 (m,
9 H); 6.48 (br. s, 1 H); 6.03 (br.m, 1 H); 5.17 (s, 2 H); 4.72 (m, 1 H); 4.45 (d, J¼ 5.6, 2 H); 4.22 (t, J¼ 6.5,
1 H); 3.04 (m, 1 H); 2.84 (m, 1 H); 1.48 (s, 9 H). 13C-NMR (101 MHz, CDCl3): 171.3; 170.4; 156.3; 155.2;
143.7; 141.3; 135.4; 128.6; 128.4; 128.3; 127.8; 127.2; 125.2; 120.0; 81.8; 67.4; 67.0; 50.0; 47.1; 36.3; 28.2.
FAB-MS: 582.1 ([Mþ Na]þ , 25), 560.2 ([Mþ H]þ , 25) . HR-FAB-MS: 560.2391 ([Mþ H]þ ,
C31H34N3O

þ
7 ; calc. 560.2397). Anal. calc. for C31H33N3O7: C 66.53, H 5.94, N 7.51; found: C 66.47, H

6.00, N 7.18.
tert-Butyl N’-{2-Amino-4-[(2,2-dimethoxyethyl)amino]-4-oxobutanoyl}hydrazinecarboxylate (19).

To a soln. of 18 (0.95 g, 1.70 mmol) in THF (10 ml) was added aminoacetaldehyde dimethyl acetal
(364 ml, 3.40 mmol), and the soln. was stirred at r.t. for 48 h. The soln. was evaporated under reduced
pressure, and MeOH was added (10 ml), and the resulting fine white suspension was removed by
filtration. The filtrate was evaporated under reduced pressure and purified by FC (SiO2; 10! 15%
MeOH in CH2Cl2) to give 19 (400 mg, 70%). Waxy solid. 1H-NMR (400 MHz, CD3OD): 4.46 (t, J¼ 5.5,
1 H); 3.75 (dd, J¼ 4.7, 4.7, 1 H); 3.41 (s, 6 H); 3.38 – 3.31 (m, 2 H); 2.47 (dd, J¼ 4.7, 4.7, 1 H); 2.46 (dd, J¼
8.5, 8.5, 1 H); 1.49 (s, 9 H). 13C-NMR (101 MHz, CD3OD): 176.1; 172.9; 157.7; 103.7; 81.9; 54.5; 54.5;
53.2; 42.0; 40.0; 28.5. FAB-MS: 335.1 ([MþH]þ , 100). HR-FAB-MS: 335.1922 ([MþH]þ , C13H27N4O

þ
6 ;

calc. 335.1931).
tert-Butyl N’-(4-[(2,2-Dimethoxyethyl)amino]-2-{[2-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-

1(2H)-yl)ethyl]amino}-4-oxobutanoyl)hydrazinecarboxylate (21). (Thymin-1-yl)ethanal hydrate (20 ;
33 mg, 0.21 mmol) was added to a soln. of 19 (70 mg, 0.21 mmol) in MeOH (1 ml), and, after 12 h of
stirring at r.t., NaCNBH3 (26 mg, 0.42 mmol) and AcOH (13 ml, 0.21 mmol) were added. Stirring was
continued for 48 h, and then the soln. was evaporated under reduced pressure and purified by FC (SiO2;
5! 10% MeOH in CH2Cl2) to give 21 (30 mg, 31%). White solid. M.p. 76 – 778. 1H-NMR (400 MHz,
CDCl3): 9.00 (br. s, 1 H); 7.60 (br. s, 1 H); 7.20 (s, 1 H); 7.20 (s, 1 H); 4.44 (t, J¼ 5.0, 1 H); 3.90 (m, 2 H);
3.74 (m, 1 H); 3.50 – 3.30 (m, 8 H); 3.03 (m, 2 H); 2.75 (m, 2 H); 1.92 (s, 3 H); 1.47 (s, 9 H). 13C-NMR
(101 MHz, CDCl3): 170.6; 164.4; 155.6; 151.5; 141.0; 110.8; 102.1; 81.7; 58.8; 54.0; 53.9; 47.9; 46.2; 40.7;
36.0; 28.2; 12.2. HR-ESI-MS (pos.): 487.2510 ([MþH]þ , C20H35N6O

þ
8 ; calc. 487.2511).

2-(Acetoxymethyl)-5-{[(benzyloxy)carbonyl]amino}tetrahydropyran-3,4,6-triyl Triacetate (23). To a
soln. of 22 (16.5 g, 53 mmol) in pyridine (290 ml) at 08 was added Ac2O (40 ml), and the soln. was stirred
for 30 min, then the temp. was raised to r.t., and the soln. was stirred for a further 16 h. H2O (1 ml) was
then added, and, after 10 min, the soln. was evaporated under reduced pressure. AcOEt (100 ml) was
then added, followed by H2O (100 ml), and the org. phase was separated. After repeated extraction with
AcOEt (total 4� 100 ml), the org. fractions were pooled, washed with brine (100 ml), and dried
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(MgSO4). Filtration and evaporation gave a residue which was filtered through a plug of silica to remove
excess pyridine. To the resulting oil was added Et2O (300 ml). The soln. was left to crystallise at r.t. for
30 min and then for 16 h at 58. The resulting crystals were filtered and washed with Et2O (50 ml) and
dried under reduced pressure to give 23 (5.61 g, 22%). White crystalline solid. M.p. 151 – 1528. 1H-NMR
(200 MHz, CDCl3): 7.33 (br. s, 5 H); 5.67 (d, J¼ 8.4, 1 H); 5.09 (s, 2 H); 4.94 – 4.79 (m, 1 H); 4.35 – 3.70
(m, 5 H); 2.08 (s, 3 H); 2.03 – 2.00 (br. s, 6 H); 1.95 (s, 3 H). 13C-NMR (50 MHz, CDCl3): 170.8; 170.6;
169.4; 155.9; 136.4; 128.4; 128.1; 127.9; 92.4; 72.5; 68.2; 66.7; 61.7; 54.7; 20.6; 20.5. FAB-MS: 422.4 ([Mþ
H� (4 CH3)]þ , 100). Anal. calc. for C22H27NO11: C 54.88, H 5.65, N 2.91; found: C 55.04, H 5.46, N 2.91.

2-(Acetoxymethyl)-5-{[(benzyloxy)carbonyl]amino}-6-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-
1(2H)-yl)tetrahydropyran-3,4-diyl Diacetate (24). To a suspension of thymine (1.83 g, 14.6 mmol) in
MeCN (10 ml) was added N,O-bis[(trimethylsilyl)acetamide] (7.54 ml, 30.6 mmol)), and the soln. was
stirred at r.t. for 10 min during which time a homogenous soln. was formed. Compound 23 (3.50 g,
7.28 mmol) was then added, followed by trimethylsilyl trifluoromethanesulfonate (2.9 ml, 16.0 mmol),
and the soln. was heated to 808 for 2 h under Ar. The flask was then cooled to r.t., and a 5% (w/v) aq. soln.
of NaHCO3 (100 ml) was added, followed by AcOEt (100 ml). The org. phase was extracted with AcOEt
(total 4� 100 ml), and these fractions were combined, washed with brine, and dried (Na2SO4). Filtration
and evaporation gave a crude product which was purified by FC (40% hexane in AcOEt) to give 24
(3.29 g, 83%). White solid. M.p. 110 – 1128. 1H-NMR (200 MHz, CDCl3): 7.27 (s, 5 H); 7.19 (s, 1 H); 5.84,
5.81 (2d, J¼ 9.9, 10.2, total 2 H); 5.37 (t, J¼ 9.9, 1 H); 5.12 (t, J¼ 9.9, 1 H); 4.98 (d, J¼ 2.6, 2 H); 4.24 (dd,
J¼ 12.4, 4.7, 1 H); 4.16 – 4.00 (m, 2 H); 3.90 – 3.77 (m, 1 H); 2.08, 2.01, 1.93, 1.90 (4s, each 3 H). 13C-NMR
(50 MHz, CDCl3): 170.7; 169.7; 164.7; 163.7; 156.5; 151.6; 151.5; 140.0; 136.4; 135.8; 129.0; 128.5; 128.3;
128.2; 128.0; 127.7; 112.1; 111.2; 81.2; 74.6; 73.0; 68.4; 67.0; 62.1; 53.9; 50.9; 50.2; 20.7; 20.5; 20.4; 12.5;
12.3. FAB-MS: 548.4 ([MþH]þ , 100), 217.3 (60). Anal. calc. for C25H29N3O11: C 54.84, H 5.34, N 7.67;
found: C 54.79, H 5.14, N 7.64.

Benzyl [4,5-Dihydroxy-6-(hydroxymethyl)-2-(5-methyl-2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)te-
trahydropyran-3-yl]carbamate (25). To 24 (20 mg, 0.04 mmol) was added Et3N/H2O/MeOH 1 :4 :5 (total
2 ml), and the soln. was stirred at r.t. for 2 h. The soln. was evaporated under reduced pressure and
purified by FC (10% MeOH/CH2Cl2) to give 25 (14 mg, 90%). White solid. M.p. 84 – 858. 1H-NMR
(200 MHz, CD3OD): 7.55 (s, 1 H); 7.35 – 7.15 (m, 5 H); 5.63 (d, J¼ 9.5, 1 H); 5.02 – 4.90 (m, 2 H); 3.92 –
3.30 (m, 6 H); 1.84 (s, 3 H). 13C-NMR (100 MHz, CDCl3): 164.1; 156.5; 151.3; 137.7; 137.6; 128.7; 128.0;
127.4; 109.3; 81.6; 80.3; 74.2; 70.5; 65.4; 61.4; 55.5; 46.2; 23.0; 12.6. HR-ESI-MS (pos.) 444.1401 ([Mþ
Na]þ , C19H23N3NaOþ8 ; calc. 444.1377).

Benzyl [5-(Hydroxymethyl)-2,3-dimethoxy-2,3-dimethyl-7-(5-methyl-2,4-dioxo-3,4-dihydropyrimi-
din-1(2H)-yl)hexahydro-5H-pyrano[3,4-b][1,4]dioxin-8-yl]carbamate (26). To a soln. of 25 (1.20 g,
2.85 mmol) in MeOH (50 ml) were added butane-2,3-dione (275 ml, 3.14 mmol), (þ)-camphor-10-
sulfonic acid monohydrate (143 mg, 0.57 mmol), and trimethyl orthoformate (934 ml, 8.55 mmol), and
the mixture was heated at reflux for 16 h. The reaction was quenched by the addition of Et3N (1.0 ml),
and the soln. was evaporated to dryness under reduced pressure. Purification by FC (5! 15% MeOH/
CH2Cl2) gave 26 (1.00 g, 72%). White solid. M.p. 158 – 1598. 1H-NMR (200 MHz, CDCl3): 10.61, 10.46
(2s, total 1 H); 7.35 – 7.25 (s, 1 H); 7.20 – 7.05 (m, 5 H); 5.92 (d, J¼ 8.4, 1 H); 4.91, 4.74 (2d, J¼ 12.8, total
2 H); 4.20 – 3.50 (m, 6 H); 3.22, 3.21 (2s, total 6 H); 1.80 – 1.68 (s, 3 H); 1.26, 1.23 (2s, total 6 H). 13C-NMR
(50 MHz, CDCl3): 163.8; 156.9; 151.6; 136.6; 135.9; 128.6; 128.2; 128.0; 127.8; 127.5; 127.3; 111.2; 100.0;
99.7; 82.1; 69.9; 67.7; 66.5; 62.0; 53.8; 49.7; 47.9; 17.7; 12.4. FAB-MS: 536.2 ([MþH]þ , 72), 504 (100).
Anal. calc. for C25H33N3O10: C 56.07, H 6.21, N 7.85; found: C 55.75, H 6.07, N 7.33.

Benzyl [5-(Dimethoxymethyl)-2,3-dimethoxy-2,3-dimethyl-7-(5-methyl-2,4-dioxo-3,4-dihydropyri-
midin-1(2H)-yl)hexahydro-5H-pyrano[3,4-b][1,4]dioxin-8-yl]carbamate (27). To a soln. of 26 (400 mg,
0.76 mmol) in CH2Cl2 (20 ml) at 08 was added trichloroisocyanuric acid (177 mg, 0.76 mmol), and, after
5 min, TEMPO (12 mg, 0.08 mmol) was added. After stirring at 08 for 5 min, the soln. was stirred at r.t.
for a further 10 min. The resulting orange soln. was filtered through a pad of Celite and washed with
CH2Cl2. A sat. soln. of NaHCO3 (60 ml) was then added, followed by brine (60 ml). The org. phase was
extracted with CH2Cl2 (total 4� 60 ml), and these fractions were combined, dried (Na2SO4), filtered, and
evaporated under reduced pressure to give the corresponding aldehyde (320 mg, 80%) as a white solid.
To a portion of this aldehyde (300 mg, 0.56 mmol) in MeOH (10 ml) was added trimethyl orthoformate
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(5 ml) and (þ)-camphor-10-sulfonic acid monohydrate (40 mg, 0.17 mmol). The soln. was stirred at r.t.
for 16 h, and then a 10% (w/v) aq. soln. of NaHCO3 (20 ml) was added, followed by CH2Cl2 (30 ml). The
org. phase was isolated, and extraction was repeated (total 4� 30 ml of CH2Cl2). The org. fractions were
combined, washed with brine, dried (Na2SO4), filtered, and evaporated under reduced pressure.
Purification by FC (5% MeOH/CH2Cl2) gave 27 (259 mg, 80%). White solid. 1H-NMR (200 MHz,
CDCl3): 7.39 – 7.18 (m, 6 H); 5.62, 5.38 (2d, J¼ 9.1, 9.5, total 1 H); 5.18, 5.02 (2s, total 2 H); 4.57 (s, 1 H);
4.00 – 3.50 (m, 4 H); 3.40 (s, 6 H); 3.30, 3.26 (2s, total 6 H); 1.80, 1.69 (2s, total 3 H); 1.30, 1.28 (2s, total
6 H). HR-ESI-MS (pos.): 668.2251 ([MþRbþ 4 H]þ , C27H41N3O11Rbþ ; calc. 668.1859).

1-[8-Amino-5-(dimethoxymethyl)-2,3-dimethoxy-2,3-dimethyl-5H-hexahydropyrano[3,4-b][1,4]di-
oxin-7-yl]-5-methylpyrimidine-2,4(1H,3H)-dione (28). To a soln. of 27 (200 mg, 0.38 mmol) in EtOH
(5 ml) was added cyclohexene (3 ml) and then 10% Pd/C, and the mixture was heated at reflux for
90 min. The flask was cooled to r.t., the soln. was filtered through a plug of Celite and washed with excess
MeOH. The filtrate was evaporated under reduced pressure and purified by FC (10%MeOH/CH2Cl2) to
give 28 (104 mg, 69%). White solid. 1H-NMR (200 MHz, CDCl3): 7.09 (d, J¼ 1.1, 1 H); 5.53 (d, J¼ 9.1,
1 H); 4.52 (s, 1 H); 3.83 – 3.75 (m, 2 H); 3.70 – 3.55 (m, 1 H); 3.45 (s, 6 H); 3.30, 3.29 (2s, total 6 H); 3.01
(dd, J¼ 9.5, 1 H); 1.88 (d, J¼ 1.1, 3 H); 1.32, 1.30 (2s, total 6 H). 13C-NMR (50 MHz, CDCl3): 163.5;
151.0; 135.1; 112.0; 100.0; 99.7; 84.0; 73.4; 66.6; 56.3; 55.4; 54.2; 48.1; 17.7 (2 signals); 12.7. FAB-MS: 446.5
([MþH]þ , 100), 414.4 (20). HR-ESI-MS (pos.) 468.2026 ([MþNa]þ , C19H31N3NaOþ9 ; calc. 468.1958).

(6-Amino-1H-purin-9-yl)acetohydrazide (31). To a suspension of 30 (632 mg, 2.86 mmol) in MeOH
(20 ml) was added NH2NH2 ·H2O (1.39 ml, 28.6 mmol), and the mixture was stirred at r.t. for 16 h. The
resulting precipitate was filtered, and washed with excess MeOH to give 31 (512 mg, 87%). White solid.
M.p. > 2858 (dec.). 1H-NMR (400 MHz, (D6)DMSO): 9.46 (s, 1 H); 8.12 (s, 1 H); 8.08 (s, 1 H); 7.22 (s,
2 H); 4.80 (s, 2 H); 4.33 (s, 2 H). 13C-NMR (101 MHz, (D6)DMSO): 166.3; 156.3; 152.8; 150.1; 142.1;
118.8; 44.2. FAB-MS: 208.1 ([MþH]þ); HR-FAB-MS: 208.0948 (C7H10N7Oþ ; calc. 208.0947). Anal.
calc. for C7H9N7O · 0.2 CH3OH: C 40.49, H 4.62, N 45.90; found: C 40.57, H 4.37, N 46.13.

(2-Amino-6-oxo-1,6-dihydropurin-9-yl)acetohydrazide (33). To a soln. of 32 (150 mg, 0.56 mmol) in
MeOH (50 ml) was added NH2NH2 ·H2O (200 mg, 7.10 mmol), and the mixture was refluxed for 18 h.
The precipitated product was filtered off, washed with MeOH (20 ml), and dried under vacuum to give
pure 33 (99 mg, 79%). White solid. M.p. > 3508 (dec.). 1H-NMR (400 MHz, (D6)DMSO): 9.31 (br. s,
1 H); 7.61 (s, 1 H); 6.42 (br. s, 2 H); 4.59 (s, 2 H); 4.29 (br. s, 2 H). 13C-NMR (101 MHz, (D6)DMSO):
166.4; 157.2; 154.0; 152.0; 138.7; 116.6; 44.0. ESI-MS (pos.): 224.4 ([MþH]þ). HR-ESI-MS (pos.):
224.0898 ([MþH]þ , C7H9N7O

þ
2 ; calc. 224.0818).

(5-Methyl-2,4-dioxo-1H,3H-pyrimidin-1-yl)acetohydrazide (34). To a soln. of (thymin-1-yl)acetic
acid (1; 1.00 g, 5.43 mmol) and NH2NHCOOtBu (0.72 g, 5.43 mmol) in DMF (20 ml) was added EDC
(1.04 g, 5.43 mmol), and the soln. was stirred at r.t. for 12 h. The soln. was then evaporated under reduced
pressure, and AcOEt (30 ml) and H2O (30 ml) were added, and the org. phase isolated. Extraction was
repeated (total 3� 30 ml of AcOEt), and the org. fractions were combined, washed with brine, and dried
(Na2SO4). Filtration and evaporation under reduced pressure gave a white solid to which was added 1m
aq. HCl (20 ml), and the soln. was stirred at r.t. for 12 h. The soln. was evaporated under reduced
pressure to give 34 (1.08 g, 62%). White solid. M.p. > 3558 (dec.). 1H-NMR (200 MHz, D2O): 7.43 (s,
1 H); 4.53 (s, 2 H); 1.87 (s, 3 H). 13C-NMR (50 MHz, D2O): 168.7; 167.7; 152.9; 143.6; 111.9; 49.8; 12.0.
FAB-MS: 199 ([MþH]þ , 100). HR-FAB-MS: 199.0844 (C7H11N4O

þ
3 ; calc. 199.0831). Anal. calc. for

C7H10N4O3 · 0.5 HCl: C 38.94, H 4.90, N 25.95; found: C 39.01, H 4.87, N 25.45.
tert-Butyl N’-[2-({[(4-Benzyloxy)carbonyl]amino}-2-oxopyrimidin-1(2H)-yl)acetyl]hydrazinecarb-

oxylate (35). To a soln. of 2-{N4-[(Benzyloxy)carbonyl]cytosin-1-yl}acetic acid (29 ; 1.20 g, 3.96 mmol)
and NH2NHCOOtBu (0.52 g, 3.96 mmol) in DMF (20 ml) was added EDC (0.76 g, 3.96 mmol), and the
soln. was stirred at r.t. for 12 h, whereupon the solvent was evaporated. AcOEt (30 ml) and H2O (30 ml)
were then added, and the org. phase was extracted (total 3� 30 ml of AcOEt). The org. fractions were
combined, washed with brine, and dried (Na2SO4). Filtration and evaporation under reduced pressure
gave pure 35 (1.07 g, 65%). White solid. M.p. 165 – 1678. 1H-NMR (400 MHz, CD3OD): 7.96 (d, J¼ 7.3,
1 H); 7.30 – 7.50 (m, 6 H); 5.25 (s, 2 H); 4.65 (s, 2 H); 1.49 (s, 9 H). 13C-NMR (101 MHz, CD3OD): 167.7;
164.1; 157.0; 156.3; 153.1; 150.1; 135.8; 128.2; 127.9; 95.4; 80.7; 67.2; 50.2; 27.1; FAB-MS: (440, [MþNa]þ ,
18), 418 ([MþH]þ , 100), 362 (37). HR-FAB-MS: 418.1722, (C19H24N5O

þ
6 ; calc. 418.1727).
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2-(4-Amino-2-oxopyrimidin-1(2H)-yl)acetohydrazide (36). To a soln. of 35 (150 mg, 0.39 mmol) in
EtOH (5 ml) was added cyclohexene (2 ml) and 10% Pd/C (150 mg), and the soln. was heated at reflux
for 2 h. The soln. was cooled to r.t., filtered through a pad ofCelite, which was washed with excess MeOH.
After evaporation under reduced pressure, the intermediate product was purified by FC (SiO2; MeOH/
CH2Cl2 1 :4) to give a white solid. To this solid was added 1m aq. HCl (5 ml), and the soln. was stirred at
r.t. for 12 h. Evaporation under reduced pressure gave the dihydrochloride salt of 36 (71 mg, 71%).
White solid. M.p. > 2708 (dec.). 1H-NMR (200 MHz, D2O): 7.84 (d, J¼ 7.8, 1 H); 6.23 (d, J¼ 7.8, 1 H);
4.72 (s, 2 H). 13C-NMR (101 MHz, D2O): 167.3; 160.3; 150.4; 149.5; 95.7; 50.4. ESI-MS (pos.) 367.1
([2MþH]þ), 184.0 ([MþH]þ). HR-ESI-MS (pos.) 184.0851 (C6H10N5O

þ
2 ; calc. 184.0829). Anal. calc.

for C6H9N5O2 · 2.1 HCl: C 27.74, H 4.31, N 26.95; found: C 28.04, H 4.11, N 26.37.
N-(2,2-Dimethoxyethyl)-2-(5-methyl-2,4-dioxo-(1H,3H-pyrimidin-1-yl)acetamide (37). To a soln. of

aminoacetaldehyde dimethyl acetal (1.00 ml, 9.30 mmol) in DMF (10 ml) was added EDC (2.13 g,
11.2 mmol) and 1 (2.05 g, 11.2 mmol), and the cloudy soln. was stirred for 12 h. The resulting
homogeneous soln. was then evaporated under reduced pressure, and AcOEt (20 ml) and H2O (20 ml)
were added. The org. phase was isolated, and, after further extraction with AcOEt (4� 20 ml), the org.
phases were combined, dried (Na2SO4), and evaporated under reduced pressure. Purification by FC
(SiO2; MeOH/CH2Cl2 1 :9) gave 37 (0.49 g, 20%). White solid. M.p. 191 – 1928. 1H-NMR (200 MHz,
CDCl3): 7.08 (d, J¼ 1.1, 1 H); 6.34 (br., 1 H); 4.40 (t, J¼ 5.1, 1 H); 4.30 (s, 2 H); 3.44 (d, J¼ 5.5, 2 H); 3.40
(s, 6 H); 1.93 (d, J¼ 1.1, 3 H). 13C-NMR (101 MHz, CDCl3): 167.2; 164.4; 151.5; 141.2; 111.8; 102.9; 55.2;
51.2; 41.8; 13.0. FAB-MS: 272 ([MþH]þ , 75), 240 (100). Anal. calc. for C11H17N3O5: C 48.70, H 6.32, N
15.49; found: C 48.75, H 6.28, N 15.39.

Benzyl (1-{[(2,2-Dimethoxyethyl)carbamoyl]methyl}-2-oxopyrimidin-4(2H)-yl)carbamate (38). To
a soln. of 2-{N4-[(Benzyloxy)carbonyl]cytosin-1-yl}acetic acid (29 ; 1.60 g, 5.28 mmol) and EDC (1.01 g,
5.28 mmol) in DMF (30 ml) was added aminoacetaldehyde dimethyl acetal (0.38 ml, 3.52 mmol), and the
soln. was stirred at r.t. for 12 h. The soln. was evaporated under reduced pressure to give a white solid, to
which was added AcOEt (30 ml) and H2O (60 ml). The resulting insoluble material was filtered and
washed again with AcOEt (30 ml) and then CH2Cl2 (30 ml), and then dried under reduced pressure to
give 38 (1.22 g, 92%). White solid. M.p. 210 – 2128. 1H-NMR (400 MHz, (D6)DMSO): 8.33 (t, J¼ 5.7,
1 H); 7.99 (d, J¼ 7.3, 1 H); 7.33 – 7.45 (m, 5 H); 7.01 (d, J¼ 7.3, 1 H); 5.20 (s, 2 H); 4.49 (s, 2 H); 4.36 (t,
J¼ 5.5, 1 H); 3.29 (s, 6 H); 3.21 (dd, J¼ 5.6, 5.6, 2 H). 13C-NMR (101 MHz, (D6)DMSO): 167.4; 163.5;
155.5; 153.6; 151.5; 136.4; 128.9; 128.6; 128.4; 102.4; 94.1; 66.9; 53.8; 51.7. FAB-MS: 391 ([MþH]þ , 100),
359 (50). HR-FAB-MS: 391.1614 (C18H23N4O

þ
6 ; calc. 391.1618). Anal. calc. for C18H22N4O6: C 55.38, H

5.68, N 14.35; found: C 55.23, H 5.67, N 14.50.
2-(4-Amino-2-oxopyrimidin-1(2H)-yl)-N-(2,2-dimethoxyethyl)acetamide (39). To a suspension of 38

(1.08 g, 2.89 mmol) in EtOH (40 ml) was added cyclohexene (10 ml) and 10% (w/v) Pd/C (0.54 g), and
the mixture was heated at reflux for 1 h. The soln. was then cooled to r.t., filtered through a pad of Celite,
which was subsequently washed with MeOH (50 ml). Evaporation under reduced pressure, followed by
purification by FC (SiO2; gradient elution 10! 15% MeOH/CH2Cl2), gave 39 (0.70 g, 95%). White
solid. M.p. 209 – 2118. 1H-NMR (400 MHz, CD3OD): 7.62 (d, J¼ 7.3, 1 H); 5.94 (d, J¼ 7.3, 1 H); 4.49 (s,
2 H); 4.44 (t, J¼ 5.6, 1 H); 3.41 (s, 6 H); 3.36 (d, J¼ 5.6, 2 H). 13C-NMR (101 MHz, CD3OD): 169.8;
166.8; 157.3; 149.0; 103.8; 95.7; 54.6; 52.4; 42.3. FAB-MS: 279.1 ([MþNa]þ , 17), 257.1 ([MþH], 100),
225 (58), 152 (62). HR-FAB-MS: 257.1258 (C10H17N4O

þ
4 ; calc. 257.1250).

1-(2-{[(2,2-Dimethoxyethyl)methyl]amino}ethyl)-5-methylpyrimidine-2,4(1H,3H)-dione (40). To a
mixture of 2-(thymin-1-yl)ethanal hydrate (20 ; 400 mg, 2.15 mmol) and 2-(methylamino)acetaldehyde
dimethyl acetal (255 mg, 2.15 mmol) in MeOH (10 ml) was added NaCNBH3 (206 mg, 3.2 mmol), and
the mixture was stirred for 48 h at r.t. The reaction was quenched with H2O (1 ml), and the solvent was
evaporated to dryness. CHCl3 (150 ml) was added, the soln. was washed with sat. NaHCO3 soln. and
brine, and dried (Na2SO4). Evaporation of the solvent gave a crude product which was purified by FC
(SiO2; MeOH/CH2Cl2 1 :19) to give 40 (400 mg 62%). White solid. M.p. 75 – 768. 1H-NMR (400 MHz,
CDCl3): 8.65 (br. s, 1 H); 7.22 (s, 1 H); 4.41 (t, J¼ 8.0, 1 H); 3.78 (t, J¼ 4.0, 2 H); 3.37 (s, 6 H); 2.72 (t, J¼
8.0, 2 H); 2.59 (d, J¼ 8.0, 2 H); 2.37 (s, 3 H); 1.94 (s, 3 H). 13C-NMR (101 MHz, CDCl3): 164.4; 151.0;
142.0; 109.4; 103.0; 59.1; 56.5; 53.7; 46.0; 43.6; 12.2. ESI-MS (pos.): 272.1 ([MþH]þ). Anal. calc. for
C12H21N3O4: C 53.12, H 7.80, N 15.49; found: C 52.83, H 7.79, N 15.39.
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9-(2-{[(2,2-Dimethoxyethyl)methyl]amino}ethyl)-9H-purin-6-amine (41). To a mixture of 2-(adenin-
9-yl)ethanal hydrate (8 ; 200 mg, 0.86 mmol) and 2-methylamino)acetaldehyde dimethyl acetal (110 mg,
0.86 mmol) in MeOH (10 ml) was added NaCNBH3 (80 mg, 1.29 mmol), and the mixture was stirred for
2 days at r.t. The reaction was quenched with H2O (1 ml), and the solvent was evaporated to dryness.
CHCl3 (150 ml) was added, the soln. was washed with sat. NaHCO3 and brine, and dried (Na2SO4). The
solvent was evaporated under reduced pressure to give a crude product, which was purified by FC (SiO2;
MeOH/CH2Cl2 1 :49) to give 41 (160 mg, 66%). White solid. M.p. 130 – 1318. 1H-NMR (400 MHz,
CDCl3): 8.38 (s, 1 H); 8.06 (s, 1 H); 5.68 (br. s, 2 H); 4.39 (t, J¼ 4.0, 1 H); 4.31 (t, J¼ 4.0, 2 H); 3.33 (s,
6 H); 2.92 (t, J¼ 8.0, 2 H); 2.64 (d, J¼ 4.0, 2 H); 2.41 (s, 3 H). 13C-NMR (101 MHz, CDCl3): 155.3; 152.7;
150.0; 141.7; 119.4; 103.1; 59.2; 57.1; 53.7; 43.3; 41.6. ESI-MS: 281.1 ([MþH]þ). Anal. calc. for
C12H20N6O2 · 0.05 H2O: C 51.25, H 7.20, N 29.88; found: C 51.92, H 7.16, N, 29.79.

5-(2,4-Dioxo-3,4-dihydropyrimidin-1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-carbohydrazide (46).
To a soln. of uridine-5’-methyl ester (43 ; 200 mg, 0.73 mg) in MeOH (150 ml) was added NH2NH2 ·H2O
(60 ml), and the soln. was stirred at r.t. overnight. The solvent was evaporated, and the crude product was
purified by FC (RP-C18 silica gel; MeOH/H2O) to give 46 (55 mg, 27). Light yellow solid (hygroscopic,
unstable at r.t.). M.p. 106 – 1088. 1H-NMR (400 MHz, (D6)DMSO): 9.63 (br. s, 1 H); 8.33 (d, J ¼ 8.0,
1 H); 5.88 (d, J ¼ 6.0, 1 H); 5.70 (d, J ¼ 8.0, 1 H); 5.43 (m, 1 H); 4.43 (m, 1 H); 4.23 (br. s, 2 H); 3.36 (d,
J¼ 4.0, 1 H). 13C-NMR (101 MHz D2Oþ tBuOH): 169.7; 166.4; 151.8; 142.7; 102.4; 90.7; 81.8; 72.5; 72.2.
FAB-MS: 272.8 (Mþ). HR-FAB-MS: 295.1029 (C9H12N4NaOþ6 ; calc. 295.2068).

5-(4-Amino-2-oxopyrimidin-1(2H)-yl)-3,4-dihydroxytetrahydrofuran-2-carbohydrazide (47). To a
soln. of cytosine-5’-methyl ester (44 ; 100 mg, 0.36 mmol) in EtOH (20 ml) was added NH2NH2 ·H2O
(60 ml), and the soln. was stirred at r.t. for 48 h. The mixture was then concentrated under reduced
pressure, and the crude product was purified by FC (RP-C18 silica gel; H2O) to give 47 (20 mg, 20). Light
yellow solid (hygroscopic, unstable at r.t.). M.p. 185 – 1878. 1H-NMR (400 MHz, (D6)DMSO): 9.67 (br. s,
1 H); 8.17 (d, J¼ 7.2, 1 H); 7.21 – 7.17 (m, 2 H); 5.81 (d, J¼ 4.8, 1 H); 5.74 (d, J¼ 7.6, 1 H); 5.45 (m, 2 H);
4.40 (br. s, 2 H); 4.19 (d, J¼ 3.2, 1 H); 4.10 (m, 1 H); 3.99 (m, 1 H). 13C-NMR (101 MHz, (D6)DMSO):
169.1; 166.0; 155.9; 142.7; 94.5; 90.6; 82.0; 73.7; 73.0. ESI-MS (pos.): 272.1 (Mþ). HR-FAB-MS: 272.0995
(C9H13N4O

þ
6 ; calc. 272.2302).

5-(6-Aminopurin-9(1H)-yl)-3,4-dihydroxy-N-(2,2-dimethoxyethyl)tetrahydrofuran-2-carboxamide
(49). A soln. of adenosine-5’-methyl ester (42 ; 100 mg, 0.33 mmol) in aminoacetaldehyde dimethyl acetal
(4 ml) was heated at 60 – 708 for 24 h. The mixture was then evaporated to dryness, and the crude product
was purified by FC (SiO2; MeOH/CH2Cl2 1 :9) to give 49 (65 mg, 52%). White solid. M.p. 160 – 1618.
1H-NMR (400 MHz, (D6)DMSO): 9.08 (t, J¼ 8.0, 1 H); 8.37 (s, 1 H); 8.21 (s, 1 H); 7.43 (br. s, 2 H); 5.99
(d, J¼ 7.2, 1 H); 5.78 (d, J¼ 4.0, 1 H); 5.59 (d, J¼ 6.6, 1 H); 4.61 – 4.56 (m, 1 H); 4.42 (t, J¼ 5.6, 1 H); 4.36
(s, 1 H); 4.15 (t, J¼ 3.6, 1 H); 3.32 (s, 3 H); 3.25 (s, 3 H). 13C-NMR (101 MHz, (D6)DMSO): 170.3; 156.7;
153.0; 149.3; 141.0; 120.0; 102.4; 88.1; 85.0; 73.7; 72.4; 53.9; 53.7; 40.7. ESI-MS: 369.1538 ([MþH]þ ,
C14H21N6O

þ
6 ; calc. 369.1523).

N-(2,2-Dimethoxyethyl)-5-(2,4-dioxo-3,4-dihydropyrimidin-1(2H)-yl)-3,4-dihydroxytetrahydrofur-
an-2-carboxamide (50). A soln. of uridine-5’-methyl ester (43 ; 300 mg, 1.10 mmol) in aminoacetaldehyde
dimethyl acetal (4 ml) was heated at 60 – 708 for 2 h. The mixture was then evaporated to dryness, and the
crude product was purified by FC (SiO2; MeOH/CH2Cl2 1 :9) to give 50 (330 mg, 87%). White solid.
M.p. 184 – 1858. 1H-NMR (400 MHz, (D6)DMSO): 11.33 (br. s, 1 H); 8.42 (t, J¼ 5.6, 1 H); 8.24 (d, J¼ 8.4,
1 H); 5.90 (d, J¼ 6.4, 1 H); 5.70 (d, J¼ 8.0, 1 H); 5.57 (s, 2 H); 4.42 (t, J¼ 5.6, 1 H); 4.34 (s, 1 H); 4.17 (d,
J¼ 4.8, 1 H); 3.99 (m, 1 H); 3.38 (s, 2 H); 3.27 (s, 6 H). 13C-NMR (101 MHz, (D6)DMSO): 170.6; 163.5;
151.4; 141.6; 102.5; 102.0; 88.2; 83.4; 73.5; 73.4; 53.7; 53.6. FAB-MS: 368.1 ([MþNa]þ , 100). Anal. calc.
for C13H19N3O8: C 45.22, H 5.55, N 12.17; found: C 44.81, H 5.26, N 11.97.
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