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On the basis of our previous findings that@-tritylinosine (KIN59) behaves as an allosteric inhibitor of

the angiogenic enzyme thymidine phosphorylase (TPase), we have undertaken the synthesis and enzymatic
evaluation of a novel series of nucleoside analogues modified at positions 1, 2, or 6 of the purine ring and
at the 5-position of the ribose moiety of the lead compound KIN59. SAR studies indicate that quite large
structural variations can be performed on KIN59 without compromising TPase inhibition. Thus, incorporation

of a cyclopropylmethyl or a cyclohexylmethyl group at positithof 5'-O-tritylinosine increases the inhibitory

activity against TPase 10-fold compared to KIN59. Moreover, the trityl group at ‘Hpedtion of the

ribose seems to be crucial for TPase inhibition. The here reported results further substanti&t®-ineayl5
nucleosides represent a new class of TPase inhibitors that should be further explored in those biological
systems where TPase plays an instrumental role (i.e. angiogenesis).

Introduction tightly interact with an allosteric site on the enzyme that b

Nucleoside analogues constitute an important contribution to A distanct from the substrate active site.

the chemotherapy of cancer, viral diseases, and immunomodu- Since 1998, our research groups have been involved in the
lating therapies. Despite their long tradition as chemotherapeuticdiscovery of novel inhibitors of the human enzyme thymidine
agents, novel applications are still being explored and new phosphorylase (TPase). TPase catalyses the reversible phos-
nucleoside structures reach the clinic. Some very recentphorolysis of pyrimidine 2deoxynucleosides to 2-deoxyribose-
examples of nucleosides that have been approved for anticancel-phosphate and their respective pyrimidine bases, including
or antiviral applications include nelarabihesntecavir; clo- the phosphorolysis of nucleoside analogues with important
farabine? or azacitidine! In most cases, nucleosides behave as antiviral or anticancer properties. Moreover, TPase, identified
prodrugs or bioprecursors that need to be activated to their 310 as the angiogenic platelet-derived endothelial cell growth
pharmacologically active metabolite by cellular and/or viral - factor (PD-ECGF), stimulates endothelial cell migration in vitro
enzymes. Sitill, there are an increasing number of compoundsang angiogenesis in vivo and plays an important role in tumor
with a nucleoside structure that do not require this activation progression and metasta%ié! We have identified several series

to become pharmacologically active. In some cases, theseyt Tpase inhibitors, including purine bases such as 7-deazax-
nucleoside analogues bind at the substrate-binding site of theanthine (7-DX32 or multisubstrate inhibitors such as TP&35

target enzyme but are not recognized as substrates, and therefor(%Chart 1). More recently, we reported the inhibitory activity of

they exert mostly a competitive |nh|b|t|oq with the natyral tpe purine riboside derivative KIN59 '¢®-tritylinosine) (L)
substrate. In a few other cases, the nucleoside analogues interac

. . . dgainst human anéscherichia colirecombinant TPas®.In
with the target enzyme at a site different from the substrate- contrast to previously described TPase inhibitors. KIN59
binding site, and therefore, they behave as noncompetitive P y ’

inhibitors with respect to the natural substrate. This binding site, cck)]mpe;ef, ”;."23 W'I.T the} pt)%/nmldlne nuzt:)Iet05|de nor W'tt? thle
which is topographically distinct, and quite often, distant, from phosphate-binding siteé ot theé enzyme but noncompetiively

the substrate-binding site, can be designated as an allosteridNNiPits TPase when thymidine or phosphate is used as the

binding site? Allosteric inhibitors of enzymes may offer some ~ Variable substrat€ In addition, KINS9 is far more active than
advantages when compared to compounds interacting at theour!orewous_ly |_dent|f|ed Tque |nh|b|to_rs agaln_st TPase-lndu_ced
substrate-binding site. Since these allosteric ligands do not neecd®ngiogenesis in an established angiogenesis assay (chicken
to be structurally related to the enzyme substrates, they may bechorioallantoic membrane assay, CAM a.ss]éyﬁ. was dem-
Safer and more eff|cac|ous by Overcom|ng Se'ect|v|ty issues and OnS'[I’a'[ed that Inosine, the parent nucleOSIde Of K|N59, nelthel’
substrate competitioh. Therefore, allosteric inhibitors are  inhibits the enzyme nor the angiogenic activity of TPase in the
considered as novel pharmacologically active compounds thatCAM assay*® This indicates that the antiangiogenic activity of
may increase our understanding of basic enzymatic or biological KINS9 requires the intact trityl-containing nucleoside. Therefore,
processes involving the target enzyri&sA typical example  KIN59 is the prototype of a new family of nucleosides that
of such allosteric inhibitors is represented by the non-nucleosidebehave as allosteric inhibitors of TPase. Since the TPase
reverse transcriptase inhibitors of the human immunodeficiency inhibitor KIN59 has such a marked effect on angiogenesis, we
virus (HIV), where a variety of apparently different structures speculated that KIN59 and analogues could help to explore a
novel allosteric binding site at TPase, different from the

* Corres| i . : . : idi indi i
Soasten Ep_%‘g'l?gma}gfefg @E’ig%]_isig‘égl 5622900, ext 411. Fax: 34 91 thymidine and phosphate-binding sites that could play an

* Instituto de Qumica Madica (C.S.I.C.). important role in TPase-triggered angiogenesis stimulation. In

* Katholieke Universiteit Leuven. this study, we performed modifications on the lead compound
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Chart 1. Structural Formulas of the TPase Inhibitors
7-Deazaxanthine (7DX), TP65, and KIN59
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KIN59 to determine the structural requirements among this
series of purine nucleosides for TPase inhibition.

Chemistry

When considering structural modifications on our lead
compoundL, we have focused on positions 1 and 6 of the purine
base and the'80H of the ribose moiety. Moreover, we have
cleaved the pyrimidine ring of the purine base by synthesizing
the corresponding AICAR (5-amino-{@3-p-ribofuranosyl)imi-
dazole-4-carboxamide) derivatives, and we have also opene
the ribose ring of compountiby synthesizing the corresponding
2'.3'-seconucleoside.

On the basis of the known reactivity of position 1 of inosine,
the first series of targeted compounds whFesubstituted 5
O-tritylinosines that could be synthesized by the introduction
of different alkyl, allyl, or benzyl substituents at positib# of
5'-O-tritylinosine (1). Thus, treatment ofi’® with the corre-
sponding halide in dimethylacetamide (DMAC) and in the
presence of 1,8-diazabicyclo[5.4.0]Jundec-7-ene (DB -
forded theN!-substituted 5O-tritylinosines @a—f) in good
yields (56-89%) (Scheme 1); only thé&}-3-methoxycarbonyl-
2-propenyl derivativg was obtained in a lower yield (32%).
As previously shown in different series of compounds, substitu-
tion occurs regioselectively a¥!, while the OS-substituted
byproduct$® were, in our case, not detected.

It is well-known thatN!-alkylinosines can be cleaved at the
pyrimidine ring by treatment with aqueous alkali to yield
5-amino-4-N-alkylcarbamoyl)imidazole ribosidé$:2! Several
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A more recent paper makes use of a (2-methoxyethoxy)methyl
(MEM) as the substituent of choice to perform this transforma-
tion from inosine to AICARZ2 Due to the high reactivity of the
MEMCI with alcohols, the 2 and 3-OH of 5-O-tritylinosine

(1) were acetylated prior to the treatment with MEMCI. Thus,
reaction of42* with MEMCI in dry CH,Cl, in the presence of
i-Pr,NEt afforded theN'-MEM inosine derivatives in 72% yield
(Scheme 2). Treatment &fwith refluxing 0.2 N NaOH for 24

h, as describeéf afforded 6 as the major compound (42%)
together with a smaller amount of the open analogu&8%
yield) that still keeps the MEM moiety on thé#-carboxamide.
Only after longer reaction times was th&G-trityl AICAR
derivative B) detected. These results indicate that the opening
reaction of the pyrimidine ring is prior to the removal of the
MEM moiety, results that agree with the proposal of SRaw.
Alternatively, treatment 05 with refluxing 5 N NaOH for 6 h
afforded the 50O-trityl AICAR derivative 8 in 20% yield.

Next, we decided to replace the hypoxanthine moiety of the
lead compound. by other purines. In particular, we chose the
ribofuranosy! derivatives of 19-purine @) and 6-chloro-81-
purine (L0) (Scheme 3). Treatment &fwith trityl chloride in
pyridine with a small amount of DMAP at 8GC afforded the

'-O-trityl nucleosidellin 35% yield. However, this procedure
failed when applied to the 6-chloropurin-9-yl ribosid&Qy.
Alternatively, the 6-chloro-9-(%3-trityl- 3-p-ribofuranosyl)pu-

drine (12) was synthesized by reaction ®® with TrCl in DMF

at 40°C and in the presence BPrLNEL, as describedf. Further
reaction of12 with MeNH, in MeOH afforded the 6-NHMe
purin-9-yl derivative 13) in 42% vyield.

We also wanted to evaluate the impact of substituents
introduced on the trityl moiety on TPase inhibition (Scheme
4). For this purpose, thé-®-(4,4-dimethoxytrityl)inosine 16)
was synthesized following described proceddfe®ve also
prepared the 4-chlorotrityl derivativé ) by reaction of inosine
(14) with 4-chlorotrityl chloride. This reagent was synthesized
by treatment of the 4-chlorobenzophenone with phenylmagne-
sium bromide and further transformed into the desired chloride
by reaction of the resulting carbinol with acetyl chloride.
Moreover, reaction of '2deoxyinosine 15) with trityl chloride
in pyridine, in the presence of DMAP, at 6C, afforded &
trityl-2'deoxyinosine 18). It is worth mentioning that when the
reaction between inosiné4) and trityl chloride was performed
in DMF at 40°C and in the presence ofPr,NEt, conditions
employed for the B5O-tritylation of 6-chloro-(15-p-ribofura-

compounds from the above series were subjected to thisnosyl)purine?,5 the reaction on inosine did not occur at tHe 5

pyrimidine-opening reaction. Thus, reaction2at—d with 5 N
NaOH in refluxing EtOH afforded the M-methyl, 4N-propyl,
4-N-allyl, and 4N-cyclopropylmethyl carbamoyl derivatives
3a—d in 46—53% yield (Scheme 1). In every case, the opening
of the pyrimidine ring is clear by the appearance intH&NMR
spectra of a broad singlet, corresponding to the 5-Nignal,

OH, as expected, but at position 1, yielding Netritylinosine
derivative (9) as the major product (30% yield). To the best
of our knowledge there is only one previous report on the
introduction of a trityl moiety aiN! of inosine, although in this
report the 5 and 3-positions of 2deoxyinosine were protected
with acetyl groups prior to the introduction of the trityl moiety

around 5.7 ppm and a triplet around 7.5 ppm that corresponds?t N128 The selective introduction of the trityl moiety at N1

to the 4-CONH, when the spectra were recorded in DMBO-
It is also worth mentioning the upfield movement of the signal
corresponding to the anomeric proton H(Ao= —0.4) when
comparing the oper3gé—d) to the close analogue&d—d).

under the experimental conditions above-described (in the
presence of the free OH groups of the ribose) has no precedent
and could be of value as a protective strategy.

To highlight the importance of the presence of the furanose

We also considered of interest the synthesis of the free Moiety in our lead structurg, we have performed the synthesis

4-CONH; derivative that should correspond to theGotrityl-
AICAR (8). The synthesis of AICAR derivatives from inosine
by using p-toluenesulfonyl or methoxymethyl groups B-
substituents was described by Shawccording to this report,
treatment of thesBl'-substituted inosines by aqueous alkali in
refluxing ethanol could simultaneously open the pyrimidine ring
and remove thé&ll-substituent to afford the AICAR compounds.

of the corresponding’ B'-seconucleoside2(). Thus, reaction
of 1 with sodium periodate followed by “in situ” reduction of
the resulting dialdehyde with sodium borohydf%i®? afforded
the target compoung0 in 60% yield (Scheme 5).

Different attempts have been made in our laboratory to
synthesize 50-benzylinosine. The only reported procedure
involves reaction of 23'-O-isopropylideneinosine with benzyl
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Scheme 1.Synthesis ofN! Substituted 50-Tritylinosines and Their Open Pyrimidine-Ring Analogues
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Scheme 2.Synthesis of 50-Trityl AICAR 2
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a(a) AGO, Py, rt; (b) MEMCL,i-PENEt, CHCly, 0 °C; (c) 0.2 N NaOHA; (d) 5 N NaOH,A.

Scheme 3. Synthesis of 9-(89-Trityl- 3-p-ribofuranosyl)purines
11,12 and 13

B
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9 B = purin-9-yl 11 B = purin-9-yl

10 B = 6-chloropurin-9-yl Q12 B = 6-chloropurin-9-yl

¢ 13 B = 6-methylaminopurin-9-yl
a(a) TrCl, DMAP, Py, 80°C; (b) TrCl, i-PrNEt, DMF, 40 °C; (c)

MeNH; in EtOH, 70°C.

bromide and potassiutert-butoxide in dioxané? In our hands,
this reaction afforded a mixture of 1- and t¢ibenzyl products.

reactive and reacts with benzyl bromide under the same
experimental conditions as th&®H 3! On the basis of these
results, we have undertaken the synthesis of thedib@nzyli-
nosine 23). Thus, reaction of ‘23'-O-isopropylideneinosine2(l)

with benzyl bromide in DMF in the presence of NaH at room
temperature afforded the dibenzylated derivati2®) (n 71%
yield (Scheme 6). In our hands, and in contrast to the described
method®! it was important to perform this reaction at room
temperature to avoid undesired products. Deprotection of the
isopropylidene moiety by treatment with aqueous TFA afforded
231 in 95% yield.

Biological Results and Discussion

The synthesized compounds have been evaluated for their
inhibitory activity against human TPase in the presence of 100

This is a reasonable result since position 1 of inosine is highly uM thymidine as the natural substrate. The 50% inhibitory
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Scheme 4.Reaction of Inosine and'-Deoxyinosine with Trityl
Chlorides
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Scheme 5. Synthesis of 50-Trityl-2',3'-secoinosing
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Table 1. Inhibitory Effect of the Synthesized Compounds on Human
TPase Enzymatic Activity

compd 1Go(uM)2  compd 1Go(uM)2 compd  1Go(uM)?
1 30+ 15 3a 137 11 45+ 3
2a 49+ 4 3b 13+3 12 26
2b 13+ 2 3c 23+5 16 18+ 3
2c 11+2 3d 19 17 45+23
2d 23+04 5 >20 18 96
2e 44+18 6 >100 20 >200
2f 11+1 7 >75 23 >200
29 24+ 41 8 >40

a|Csp: concentration at which the conversion of 100 thymidine to
thymine is inhibited by 50%.

TPase. In particular, incorporation of an alkyl (propgh),
alkenyl (propenyl2c), or a benzyl 2f) group atN! of the lead
compound 1 increases the inhibitory activity of the new
compounds by 2:53-fold. Interestingly, those compounds that
incorporate a methylcycloalkyl substitue2d( 2€) are at least
10-fold more inhibitory tharl. Moreover, the corresponding
AICAR analogues b, 3¢) also show an inhibitory potency
similar to that of their parent inosine analoguexh,(2c).
However, compounds with a MEM substituentNit either in
the inosine §) or in the AICAR series {) were devoid of
inhibitory activity against TPase up to #800uM. The 5-O-
trityl-AICAR 8 at the highest concentration tested (401)
inhibited thymidine to thymine conversion at almost 50%.

Replacement of the hypoxanthine base of the lead compound
by other structurally related purines modified at position 6, like
in compoundd.1or 12, leads to compounds with activity similar
to that of the inosine derivativé.

Concerning the Sposition of the ribose moiety, the trityl
group of1 can be replaced by a 4;dimethoxytrityl (such as
in 16) or a 4-chlorotrityl (such as i17) and the inhibitory
activity against TPase is preserved or even increased. However,
replacement of the'8D-trityl by a 5-O-benzyl group results in
an inactive compound (compare compowgiwith the trityl
analogue2f). These data further stress the crucial importance
of a trityl group at the 5position of these nucleoside derivatives
for TPase inhibition. Interestingly, thé-B-trityl-2'deoxyinosine
(18) also shows TPase inhibition although at higher concentra-
tions (IGg= 96 uM) than the ribose analoguke On the other
hand, the inactivity of the'8O-trityl-2',3-secoinosine derivative
20 compared to the intact nucleosidendicates that not only
the B-O-trityl and the hypoxanthine moieties are important for
TPase inhibition but that the sugar scaffold of the nucleoside
seems to be instrumental to position the two substituents (the
5'-O-trityl and the hypoxanthine moiety) in the right way to
allow interaction with TPase. It should be mentioned, in this
respect, that we ascertained that the parent compduaaid
several of its derivatives are fully stable in the presence of CEM
cell extracts and bovine serum, further attesting the important
role of the B-trityl group in the eventual biological activity of
the test compounds. Indeed there are an increasing number of
examples where a trityl moiety might be considered as a
pharmacophoric group, both in the nucleogtdé& and in the
peptide field3>:36

Some of the most potent TPase inhibitors described in this

these compounds inhibit thymidine to thymine conversion by paper have also been tested against TPase-triggered angiogenesis
50%, are shown in Table 1. For comparative purposes, we mayin the CAM assay In particular, the 4-chlorotrityl derivative
indicate that 7-deazaxanthine (Chart 1), one of our previously 17 has shown a marked inhibition of TPase-induced neovas-
described TPase inhibitors that is competitive to the thymidine cularization at 250 nmd¥. At a lower concentration (100 nmol),

substrate, shows an 4gof 48 uM under similar experimental

compoundl? was still able to inhibit TPase-induced angiogen-

conditions. Interestingly, several of the synthesized derivatives esis by 75% while, at the same concentration, the parent

are more inhibitory than the lead compouhdgainst human

compoundl showed 32% inhibition.



5566 Journal of Medicinal Chemistry, 2006, Vol. 49, No. 18 Casamet al.

Conclusions drofuran was dried by refluxing over sodium/benzophenone.

We h f dth thesi d i luati AnhydrousN,N'-dimethylformamide was purchased from Aldrich.
€ have periorme € synthesis and enzymalic evalua IonAnhydrous dimethylacetamide (DMAC) was purchased from Al-

against .human.thy.midine phosphorylase of a series of purine yich. 2,3-O-Isopropylideneinosine was purchased from Aldrich.
nucleoside derivatives structurally related to the TPase lead General Procedure for the Preparation ofN-Substituted 5-

inhibitor 5-O-tritylinosine. SAR studies indicate that quite large  O-Tritylinosines. To a solution of 5O-tritylinosine (1)16 (200 mg,
structural variations can be performed on the lead structure 0.39 mmol) in DMAC (3 mL) were added the corresponding alkyl
without compromising TPase inhibition. Modification of thé or benzyl halide (0.51 mmol) and DBU (0.077 mL, 0.52 mmol).
position of the hypoxanthine base by incorporating alkyl, The reaction mixture was stirred at room temperature under argon
alkenyl, or cyclic alkyl substituents results in maintained or ©Overnight. The reaction was quenched by addition of a mixture of

increased TPase inhibition. In particular, those compounds that€ther:nexane 1:1 (8 mL) and the resulting suspension was placed

incorporate a cyclopropylmethy2d) or cyclohexylmethyl 2€)

moiety are 10-fold more inhibitory against TPase than the parent

compound. Moreover, several 5-aminoM-gubstituted-car-
bamoyl)imidazole riboside8b—d), derived from the cleavage
of the pyrimidine ring of theN!-substituted inosines, were
equally active against TPase as the paflertiso other purine
bases that lack a carbonylll) or have a chlorinel2) at position

6 retain activity. The trityl substituent at théosition is crucial
for activity, since the corresponding-8-benzyl analogue was
inactive. Moreover, the intact nucleoside structure in this family

of compounds is important to correctly position the nucleic base

and the 5O-trityl substituent for interaction with the target
enzyme, since the oxidative cleavage at position3 2f the
ribose as in the 'Z-secoinosine derivativ0 renders an
inactive compound.

Attempts are now being made to cocrystalliZeChtrityli-

at—20°C overnight. Solvents were decanted while still chilly, and
the resulting gum was evaporated under reduced pressure. The
resulting residue was partitioned into EtOAc (25 mL) and a
NaHCG; solution (15 mL). The organic phase was further washed
with a NaHCQ solution (2x 10 mL) and finally with brine. The
organic phase was dried on anhydrous,®@;, filtered, and
evaporated. The residue was purified by CCTLC in the Chroma-
totron or by flash column chromatography as indicated for each
compound.

1-Methyl-5'-O-tritylinosine (2a). Following the general proce-
dure for the preparation of\'-substituted 5O-tritylinosines,
reaction ofl with methyl iodide (32.L, 0.51 mmol) in the presence
of DBU afforded a residue that was purified in the Chromatotron
(CH.CI;:MeOH, 10:1) to afford 159 mg (77% yield) dfa as a
white solid: mp 181184 °C (CH,Cl,:MeOH); MS (ES, positive
mode)m/z 525 (M + 1)*; IH NMR (DMSO-ds) 6 3.24 (m, 2H,
H-5), 3.49 (s, 3H, NCH), 4.06 (q,J = 5.1 Hz, 1H, H-4), 4.20
(m, 1H, H-3), 4.55 (m, 1H, H-2), 5.25 (d,J = 5.9 Hz, 1H, OH),

nosine with human TPase, but so far these attempts have no6.57 (d,J = 5.9 Hz, 1H, OH), 5.88 (dJ = 4.4 Hz, 1H, H-1),

been successful. Therefore, the allosteric binding site wHere 5
O-tritylinosine binds to TPase remains elusive. Alternatively,

the data reported in this paper, together with our recent report,

that 8-O-trityl derivatives of pyrimidines, exemplified by 1/(5
O-trityl- -b-ribofuranosyl)thymine, also noncompetitively in-
hibit TPase’” indicate that 50-tritylnucleosides constitute a
novel class of TPase inhibitors. This family of compounds
accepts significant structural modifications without impairment
or even with a marked increase of their inhibitory activity against

7.22-7.42 (m, 15 H, Ph), 8.20 (s, 1H, H-8), 8.32 (s, 1H, H-2).
Anal. (C30H28N405‘H20) C, H, N.

1-Propyl-5'-O-tritylinosine (2b). Reaction ofl with propyl
iodide (50ul, 0.51 mmol), following the general procedure for the
preparation ofN!-substituted 50-tritylinosines, afforded a residue
that was purified by flash column chromatography ¢CH:MeOH,
15:1) to yield 193 mg (89%) a2b as a white solid: mp 115118
°C (CH,Cl;:MeOH); MS (ES, positive modea)yz 553 (M + 1)*;

IH NMR (DMSO-dg) 6 0.85 (t,J = 7.0 Hz, 3H, CH), 1.65 (m,
2H, CH,CHg), 3.20 (m, 2H, H-5, 3.94 (t,J = 7.0 Hz, 2H, NCH),

TPase, a feature that is not unusual among allosteric inhibitors.4.05 (m, 1H, H-4), 4.20 (m, 1H, H-3, 4.55 (m, 1H, H-2, 5.23

Some of the here described compounds, sucti7akave been
shown to be even more potent than the parent compdund

(d,J = 5.7 Hz, 1H, OH), 5.57 (dJ = 5.1 Hz, 1H, OH), 5.88 (d,
J=4.6 Hz, 1H, H-1), 7.20-7.36 (m, 15 H, Ph), 8.20 (s, 1H, H-8),

biological assays (i.e., TPase-triggered angiogenesis), supporting-32 (S: 1H, H-2). Anal. (€H3N4Os'1.5H,0) C, H, N.

the interest of this class of nucleosides for further optimization.

Experimental Section

Chemical Procedures. Melting points were obtained on a

1-Allyl-5'-O-tritylinosine (2c). Reaction ofL with allyl bromide
(44 ul, 0.51 mmol), following the general procedure for the
preparation ofN*-substituted 50-tritylinosines, afforded a residue
that was purified by flash column chromatography ¢CH:MeOH,
20:1) to yield 184 mg (85%) dlc as a white solid: mp 9394°C
(CH,Cl;:MeOH); MS (ES, positive mode)vz 551 (M + 1)*; 1H

Reichert-Jung Kofler apparatus and are uncorrected. MicroanalysesNMR (DMSO-dg) 6 3.20 (m, 2H, H-5), 4.07 (m, 1H, H-4), 4.22

were obtained with a Heraeus CHN-O-RAPID instrument. Elec-

(m, 1H, H-3), 4.57 (m, 1H, H-2), 4.63 (d,J = 5.3 Hz, 2H, NCH),

trospray mass spectra were measured on a quadrupole mass.04-5.19 (m, 2H, CH=CHy), 5.23 (d,J = 5.9 Hz, 1H, OH), 5.57

spectrometer equipped with an electrospray source (Hewlett-

Packard, LC/MS HP 11003H and*3*C NMR spectra were recorded
on a Varian Gemini operating at 200 MH#) and 50 MHz {3C),
respectively, on a Varian INNOVA 300 operating at 299 M/z)(
and 75 MHz {?C), respectively, and Varian INNOVA-400 operating
at 399 MHz {H) and 99 MHz {3C), respectively.

Analytical TLC was performed on silica gel 60 (Merck)

(d,J=5.7 Hz, 1H, OH), 5.89 (d) = 4.8 Hz, 1H, H-1), 6.98 (m,
1H, CH=CH,), 7.20-7.43 (m, 15 H, Ph), 8.22 (s, 1H, H-8), 8.29
(S, 1H, H-2) Anal. (G2H30N405'H20) C, H, N.
1-(Cyclopropyl)methyl-5'-O-tritylinosine (2d). Reaction ofl
with (bromomethyl)cyclopropane (50, 0.51 mmol), following
the general procedure for the preparation\&fsubstituted 50-
tritylinosines, afforded a residue that was purified by flash column

precoated plates (0.2 mm). Spots were detected under UV light chromatography (CkCl,:MeOH, 20:1 to 10:1) to yield 180 mg

(254 nm) and/or by charring with phosphomolybdic acid. Separa-
tions on silica gel were performed by preparative centrifugal circular
thin-layer chromatography (CCTLC) on a Chromatof¢ikiesegel
60 PFs, gipshaltig (Merck)), with layer thickness of 1 or 2 mm
and flow rate of 4 or 8 mL/min, respectively. Flash column
chromatography was performed with silica gel 60 (22800 mesh)
(Merck).

All experiments involving water-sensitive compounds were
conducted under scrupulously dry conditions. Triethylamine and
acetonitrile were dried by refluxing over calcium hydride. Tetrahy-

(81%) as a white solid: mp 120123 °C (CH,Cl;:MeOH); MS
(ES, positive modejwz 565 (M + 1)*; 'H NMR (DMSO-dg)
0.39-0.48 (m, 4H, CH), 1.23 (m, 1H, CH), 3.22 (m, 2H, H*B
3.86 (d,J = 7.3 Hz, 2H, NCH), 4.11 (m, 1H, H-4, 4.21 (m, 1H,
H-3), 4.56 (m, 1H, H-2), 5.23 (d,J = 5.9 Hz, 1H, OH), 5.58 (d,
J=5.9 Hz, 1H, OH), 5.89 (dJ = 4.8 Hz, 1H, H-1), 7.25-7.62
(m, 15 H, Ph), 8.21 (s, 1H, H-8), 8.35 (s, 1H, H-2). Anal.
(C33H32N4O5'0.5H20) C, H, N.
1-(Cyclohexyl)methyl-3-O-tritylinosine (2e). Reaction ofl with
(bromomethyl)cyclohexane (72L, 0.50 mmol) during 3 days,
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following the general procedure for the preparatioN&substituted
5'-O-tritylinosines, afforded a residue that was purified in the
Chromatotron (ChCl,:MeOH, 10:1) to yield 134 mg (56%) &e
as a white solid: mp 121123 °C (CH.Cl;:MeOH); MS (ES,
positive mode)n/z 607 (M + 1)*; *H NMR (CDCl3) 6 0.92-1.25
(m, 6H, GHi1), 1.55-1.70 (m, 5H, GH11), 3.39 (m, 2H, H-5),
3.43 (d,J = 2.9 Hz, 1H, OH), 3.82 (dJ = 7.3 Hz, 2H, NCH),
4.35-4.44 (m, 2H, H-3 H-4), 4.78 (m, 1H, H-2), 5.35 (d,J =
4.0 Hz, 1H, OH), 5.95 (dJ = 5.9 Hz, 1H, H-1), 7.18-7.38 (m,
15 H, Ph), 7.80 (s, 1H, H-8), 7.92 (s, 1H, H-2). AnalzddssN4Os:
1.5H,0) C, H, N.

1-Benzyl-B-O-tritylinosine (2f). Reaction of1 with benzyl
bromide (51uL, 0.43 mmol), following the general procedure for
the preparation oN!-substituted 5O-tritylinosines, afforded a
residue that was purified in the Chromatotron ¢CH:MeOH, 10:
1) to yield 156 mg (66%) o2f as a white solid: mp 126121°C
(CH.Cl,:MeOH); MS (ES, positive modejyz 601 (M + 1)*; H
NMR (DMSO-dg) 6 3.19 (m, 2H, H-5), 4.07 (m, 1H, H-4), 4.22
(m, 1H, H-3), 4.57 (m, 1H, H-2, 5.22 (s, 2H, NCH), 5.26 (d,J
= 5.8 Hz, 1H, OH), 5.61 (dJ = 5.5 Hz, 1H, OH), 5.89 (dJ =
4.4 Hz, 1H, H-1), 7.20-7.37 (m, 15 H, Ph), 8.23 (s, 1H, H-8),
8.52 (s, 1H, H-2). Anal. (H32N4Os-H,0) C, H, N.

1-[(E)-3-Methoxycarbonyl-2-propenyl]-5-O-tritylinosine (2 g).
Reaction ofl with methyl-4-bromocrotonate (6@L, 0.50 mmol)
following the general procedure for the preparatioM&substituted
5'-O-tritylinosines, afforded a residue that was purified in the
Chromatotron (CHCI,;:MeOH, 10:1) to yield 78 mg (32%) dig
as a white solid: mp 115116 °C (CH.Cl;:MeOH); MS (ES,
positive mode)ywz 609 (M + 1)*; *H NMR (CDCl) 6 3.34 (m,
2H, H-5), 3.65 (s, 3H, OCH), 4.28 (m, 1H, H-4, 4.36 (m, 1H,
H-3), 4.69-4.72 (m, 3H, H-2 NCH,), 5.00 (br s, 1H, OH), 5.76
(d, J = 15.7 Hz, 1H,=CHCO), 5.91 (dJ = 5.1 Hz, 1H, H-1),
6.90 (m, 1H, NCHCH=), 7.09-7.32 (m, 15 H, Ph), 7.75 (s, 1H,
H-8), 7.90 (s, 1H, H-2). Anal. (§H3:N,O7-H,0) C, H, N.

5-Amino-1-(5-O-trityl- g-p-ribofuranosyl)imidazole-4-(N-
methyl)carboxamide (3a).A solution containing?a (100 mg, 0.18
mmol) in EtOH (4 mL) ad 5 N NaOH (2 mL) was refluxed for 3
h. Volatiles were removed, and the residue was purified by flash
column chromatography (GBl,:MeOH:NH,OH, 10:1:0.5) to yield
49 mg (53%) of3a as a white solid: mp 197200 °C (CHCly:
MeOH); MS (ES, positive modefjvz 515 (M + 1)*; *H NMR
(DMSO-dg) 0 2.66 (d,J = 4.8 Hz, 2H, CH), 3.16 (m, 2H, H-5),
4.01 (m, 1H, H-4), 4.09 (m, 1H, H-3, 4.30 (m, 1H, H-2, 5.24
(br s, 1H, OH), 5.50 (dJ = 5.4 Hz, 1H, H-1), 5.55 (br s, 1H,
OH), 5.75 (br s, 2H, Nb), 7.25-7.37 (m, 16 H, Ph, H-2), 7.42
(m, 1H, CONH). Anal. (GgH30oN4Os+0.5H,0) C, H, N.

5-Amino-1-(5-O-trityl- f-p-ribofuranosyl)imidazole-4-(N-pro-
pyl)carboxamide (3b). Following a procedure analogous to that
described for the synthesis 8, compound2b (100 mg, 0.18
mmol) reacted wh 5 N NaOH to yield 53 mg (52%) d3b as a
white solid: mp 8%+84 °C (CH,Cl,:MeOH); MS (ES, positive
mode)m/z 543 (M + 1)*; IH NMR (DMSO-dg) 6 0.82 (t,J=7.6
Hz, 3H, CH), 1.43 (m,J = 7.6 Hz, 2H, CHCH,CH,), 3.10 (q,J
= 7.6 Hz, 2H, HN®,), 3.14 (d,J = 4.0 Hz, 2H, H-5), 4.00 (m,
1H, H-4), 4.10 (dd,J = 4.8 Hz, 1H, H-3), 4.31 (dd,J = 5.1 Hz,
1H, H-2), 5.21 (d,J = 5.5 Hz, 1H, OH), 5.47 (d) = 5.4 Hz, 1H,
H-1'), 5.48 (d,J = 5.4 Hz, 1H, OH), 5.78 (br s, 2H, N} 7.26-
7.37 (m, 16H, Ph, H-2), 7.42 (§ = 6.0 Hz, 1H, CONH). Anal.
(C31H34N405'2H20) C, H, N.

5-Amino-1-(5-O-trityl- #-p-ribofuranosyl)imidazole-4-(N-
allyl)carboxamide (3c). Following a procedure analogous to that
described for the synthesis &g, compound2c (100 mg, 0.18
mmol) reacted wht 5 N NaOH to yield3c (45 mg, 46%) as a
solid: mp 93-94 °C (CH.Cl;:MeOH); MS (ES, positive mode)
m'z 541 (M + 1)*; H NMR (DMSO-ds) 6 3.17 (d,J = 3.6 Hz,
2H, H-5), 3.78 (t,J = 5.5 Hz, 2H, HNG,), 4.01 (m, 1H, H-4),
4.09 (m, 1H, H-3, 4.30 (m, 1H, H-2), 4.98-5.11 (m, 2H, CH=
CHy), 5.21 (dJ = 5.3 Hz, 1H, OH), 5.5%+5.54 (m, 2H, OH, H-1),
5.78 (br s, 2H, NH), 5.85 (m, 1H, G1=CH,), 7.23-7.38 (m, 16
H, Ph, H-2), 7.54 (tJ = 6.0 Hz, 1H, CONH). Anal. (gH32N4Os-
H,0) C, H, N.
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5-Amino-1-(5-O-trityl- B-p-ribofuranosyl)imidazole-4-[(N-cy-
clopropyl)methyl]carboxamide (3d). Following a procedure analo-
gous to that described for the synthesis3af compound2d (100
mg, 0.18 mmol) reacted wit5 N NaOH to yield3d (54 mg, 55%)
as a white solid: mp 9293 °C (CH,Cl,:MeOH); MS (ES, positive
mode)m/z 555 (M + 1)*; *H NMR (CDCl) 6 0.24 (m, 2H, CH)),
0.51 (m, 2H, CH), 0.95 (m, 1H, CH), 3.173.22 (m, 3H, H-5
OH), 3.46 (m, 2H, HNE1y), 4.12 (m, 1H, H-4, 4.43 (m, 1H, H-3,
4.58 (m, 1H, H-2), 5.16 (br s, 2H, NH), 5.31 (br s, 1H, OH), 5.42
(d,J =5.5Hz, 1H, H-1), 6.79 (t,J = 5.0 Hz, 1H, NHCO), 6.90
(d, J = 1.3 Hz, 1H, H-2), 7.2%7.39 (m, 15 H, Ph). Anal.
(C32H34N405'H20) C, H, N.

2',3-Di-O-acetyl-5-O-trityl-1-[(2-methoxyethoxy)methyl]-
inosine (5).To a solution of2',3'-bis-O-acetyl-3-O-tritylinosine
(4)?* (235 mg, 0.39 mmol) in dry CkCl, (3 mL) at 0°C were
addedi-Pr,NEt (83 uL, 0.47 mmol) and 2-methoxyethoxymethyl
chloride (MEMCI) (54uL, 0.47 mmol). The reaction mixture was
stirred at 0°C for 1 h. The reaction was quenched by addition of
H,O (10 mL), stirred for an additional 20 min, and diluted with
CH.Cl, (15 mL). The organic phase was decanted and the aqueous
phase was further extracted with €k, (2 x 15 mL). The
combined organic phases were dried on MgSfitered, and
evaporated. The final residue was purified by column chromatog-
raphy (CHCl,:acetone, 4:1) to yield 191 mg (72%) 6fas white
solid: mp 68-69 °C (CH,Cl,:MeOH); MS (ES, positive mode)
m/z683 (M + 1)*; *H NMR (CDCls) 6 2.07 (s, 3H, COCHh), 2.12
(s, 3H, COCH), 3.34 (s, 3H, OCh), 3.46-3.52 (m, 4H, OCH-
CH;0), 3.79 (m, 2H, H-5, 4.34 (m, 1H, H-4, 5.53 (m, 2H,
NCH;0), 5.68 (m, 1H, H-3, 6.06 (t,J = 6.5 Hz, 1H, H-2), 6.15
(d,J = 6.5 Hz, 1H, H-1), 7.21-7.44 (m, 15 H, Ph), 7.89 (s, 1H,
H-8), 7.99 (s, 1H, H-2).

1-[(2-Methoxyethoxy)methyl]-3-O-tritylinosine (6). A suspen-
sion containing5 (133 mg, 0.19 mmol) in 0.2 N NaOH (2 mL)
was refluxed for 6 h. Additional 0.2 N NaOH (2 mL) was added
and the reaction was refluxed overnight. Volatiles were removed,
and the residue was purified by flash column chromatography-(CH
Cl;:MeOH, 15:1). The UV-positive fractions were further purified
by a SPE Silica cartridge eluting with mixtures @H,:MeOH,
100:1 to 60:1. The fastest moving fractions afforded 48 mg (42%)
of a white solid, identified as: mp 82-83 °C (CH,Cl,:MeOH);
MS (ES, positive modei/'z 599 (M + 1)*; *H NMR (DMSO-ds)
0 3.11 (s, 3H, OCH), 3.16 (m, 2H, H-9, 3.33 (m, 2H, G,0CH),
3.56 (m, 2H, NCHOCHy), 4.07 (m, 1H, H-4), 4.21 (m, 1H, H-3),
4.56 (m, 1H, H-2), 5.26 (d,J = 4.5 Hz, 1H, OH), 5.43 (d) = 6.8
Hz, 2H, NCHO), 5.74 (br s, 1H, OH), 5.90 (d| = 4.6 Hz, 1H,
H-1'), 5.90 (br s, 2H, NH), 7.21-7.37 (m, 15 H, Ph), 8.23 (s, 1H,
H-8), 8.38 (s, 1H, H-2). Anal. (&H34N407-0.5H,0) C, H, N.

The slowest moving fractions afforded 20 mg (18%) of a white
solid identified as-amino-1-(5-O-trityl- #-p-ribofuranosyl)imid-
azole-4-N-(2-methoxyethoxy)methyl]lcarboxamide (7):mp 80—

81 °C; MS (ES, positive modejnz 589 (M + 1)*; H NMR

(DMSO-dg) 0 3.18 (d,J = 3.7 Hz, 2H, H-5), 3.21 (s, 3H, OCH),

3.39 (m, 2H, ¢1,0CH), 3.51 (m, 2H, NCHOCH,), 4.02 (m, 1H,
H-4), 4.10 (m, 1H, H-3), 4.31 (m, 1H, H-2), 4.32 (d,J = 6.8 Hz,

2H, HNCH,), 5.20 (d,J = 4.9 Hz, 1H, OH), 5.525.54 (m, 2H,
H-1', OH), 5.90 (br s, 2H, Nb), 7.23-7.38 (m, 16 H, H-2, Ph),
8.24 (t,J = 6.9 Hz, 1H, NHCO). Anal. (6H3eN407:0.5H,0) C,

H, N.

5-Amino-1-(5-O-trityl- f-p-ribofuranosyl)imidazole-4-carbox-
amide (8). A suspension containing (125 mg, 0.18 mmol) in 5 N
NaOH (2 mL) was refluxed for 6 h. Volatiles were removed and
the residue was purified by CCTLC in the Chromatotron §Ckt
MeOH, 15:1 to 10:1) to yield 22 mg (20%) of compouficas a
white solid: mp 114116 °C (CH,Cl,:MeOH); MS (ES, positive
mode)m/z 501 (M + 1)*; *H NMR (DMSO-dg) 6 3.16 (m, 2H,
H-5), 3.99 (m, 1H, H-%), 4.09 (m, 1H, H-3, 4.30 (m, 1H, H-2),
5.20 (d,J = 5.3 Hz, 1H, OH), 5.495.53 (m, 2H, H-1, OH), 5.81
(br s, 2H, NH), 6.64, 6.82 (br s, 2H, CON})|, 7.23-7.38 (m, 16
H, Ph, H-2). Anal. (GgH2sN405-2H,0) C, H, N.

General Procedure for the 3-O-Tritylation of Ribonucleo-
sides. Prior to reaction, the corresponding ribonucleoside was
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coevaporated twice with pyridine (5 mL). Then, to a suspension of 1H, OH), 6.33 (tJ = 6.4 Hz, 1H, H-1), 7.19-7.41 (m, 15 H, Ph),
the nucleoside (1.0 mmol) in anhydrous pyridine (5 mL) were added 7.96 (s, 1H, H-8), 8.18 (s, 1H, H-2), 12.36 (br s, 1H, NH). Anal.

4-(dimethylamino)pyridine (DMAP) (5 mg, 0.04 mmol) and trityl
chloride (482 mg, 1.7 mmol). The reaction was heated at@0
for 15 h. After reaching room temperature, EtOAc (100 mL) and
a NaHCQ solution (20 mL) were added. The organic phase was
decanted and further washed with®(20 mL) and brine (20 mL).
Then it was dried on MgSgQfiltered, and evaporated to dryness.
The residue was purified as indicated for each compound.

9-(5-O-Trityl- B-p-ribofuranosyl)purine (11) was prepared by
reaction of9-(f-b-ribofuranosyl)purine (9) (252 mg, 1.0 mmol)
with trityl chloride, according to the general procedure. The final
residue was purified by flash column chromatography {Clk
MeOH, 10:1) to yield 173 mg (35%) df1 as a white solid: mp
94—97 °C (CH,Cl;:MeOH); MS (ES, positive modajyvz 495 (M
+ 1)*; 'H NMR (CDCly) 6 3.30 (dd,J = 10.7, 3.2 Hz, 1H, H-5,
3.49 (dd,J = 10.7, 3.4 Hz, 1H, H-%), 4.46 (m, 2H, H-3 H-4),
4.90 (m, 1H, H-2), 5.38 (br s, 1H, OH), 6.05 (d] = 5.9 Hz, 1H,
H-1'), 7.20-7.28 (m, 15H, Ph), 8.38 (s, 1H, H-8), 8.97 (s, 1H,
H-2), 9.22 (s, 1H, H-6). Anal. (&H2eN404-H0) C, H, N.

6-Chloro-9-(5-O-trityl- #-pb-ribofuranosyl)purine (12). This
compound was prepared by a described procé8that consisted
of treatment of 6-chloro-98¢p-ribofuranosyl)purine10) (287 mg,
1.0 mmol) in dry DMF (4 mL) and in the presence iePr,NEt
(0.2 mL, 1.2 mmol) with trityl chloride (558 mg, 2.0 mmol) at 40
°C for 18 h. Purification of the crude mixture by CCTLC in the
Chromatotron (CHCI;:MeOH, 20:1) afforded 159 mg (30%) of
12 as a white solid: mp 9496 °C (CH,Cl,:MeOH); MS (ES,
positive mode)wz 551 (M + Na)" with a Cl isotopic patterntH
NMR (DMSO-ds) 6 3.23 (m, 2H, H-5), 4.11 (q,J = 4.2 Hz, 1H,
H-4'), 4.33 (m, 1H, H-3), 4.72 (m, 1H, H-2), 5.29 (d,J = 6.1 Hz,
1H, OH), 5.65 (dJ = 5.4 Hz, 1H, OH), 6.05 (dJ = 3.9 Hz, 1H,
H-1'), 7.19-7.34 (m, 15 H, Ph), 8.71 (s, 1H, H-8), 8.81 (s, 1H,
H-2). Anal. (GgH2sCIN4O4) C, H, N.

6-Methylamino-9-(5-O-trityl- f-p-ribofuranosyl)purine (13).
To a solution of compound2 (100 mg, 0.19 mmol) in EtOH (2
mL) was added MeNKlin EtOH (33%) (4 mL). The mixture was
heated in a sealed tube at 70 for 4 h. Volatiles were removed,
and the residue was purified by CCTLC in the Chromatotron£CH
Cl,:MeOH, 15:1) to afford 42 mg (42%) df3 as a white solid:
mp 218-220 °C (CHCl,:MeOH); MS (ES, positive modez
524 (M + 1)*; 'H NMR (DMSO-dg) 6 3.20 (m, 2H, H-5), 3.94
(s, 3H, NHCH), 4.04 (q,J = 4.9 Hz, 1H, H-4), 4.30 (m, 1H,
H-3), 4.68 (m, 1H, H-2), 5.20 (d,J = 5.9 Hz, 1H, OH), 5.52 (d,
J=5.6 Hz, 1H, OH), 5.91 (dJ = 4.4 Hz, 1H, H-1), 7.18-7.36
(m, 15 H, Ph), 7.76 (br s, 1H, NH), 8.17 (s, 1H, H-8), 8.23 (s, 1H,
H'2) Anal. (QOH29N504‘H20) C, H, N.

5'-O-[(4-Chlorophenyl)-1,1-(diphenyl)methyl]inosine (17).This
compound was prepared by reaction of inosi#e(268 mg, 1.0
mmol) with 4-chlorotrityl chloridé” (313 mg, 1.0 mmol) according
to the general procedure for theG-tritylation of ribonucleosides.
Purification of the residue by flash column chromatography £#CH
Cl;:MeOH, 20:1 to 10:1) afforded 174 mg (32%) T as a white
solid: mp 154-157°C (CH,Cl,:MeOH); MS (ES, positive mode)
m/z 545 (M + 1)* showing Cl isotopic patterdiH NMR (DMSO-
dg) 6 3.22 (M, 2H, H-H), 4.07 (q,J = 5.1 Hz, 1H, H-4), 4.23 (m,
1H, H-3), 4.57 (m, 1H, H-2, 5.24 (d,J = 6.0 Hz, 1H, OH), 5.59
(d, J = 5.8 Hz, 1H, OH), 5.91 (dJ = 4.3 Hz, 1H, H-1), 7.24
7.38 (m, 14H, Ph), 8.00 (s, 1H, H-8), 8.22 (s, 1H, H-2), 12.40 (br
s, 1H, NH-1). Anal. (GeH2sCIN4Os) C, H, N.

5'-O-Trityl-2 'deoxyinosine (18)2'-Deoxyinosine 15) (100 mg,
0.40 mmol) was coevaporated twice with anhydrous pyridine (1
mL) prior to reaction. Then it was dissolved in pyridine (2 mL),
and trityl chloride (188 mg, 0.67) and DMAP (2 mg, 0.02 mmol)
were added. The reaction was warmed at@dor 4 h. Methanol
(2 mL) was added, and volatiles were removed. Purification of the
residue by flash column chromatography ({C:MeOH, 30:1 to
10:1) afforded 70 mg (35%) df8 as a white solid: mp 219221
°C (CHCl;:MeOH); MS (ES, positive modea)Vz 495 (M + 1)*;
IH NMR (DMSO-dg) ¢ 2.32, 2.75 (m, 2H, H-2, 3.15 (m, 2H,
H-5), 3.95 (m, 1H, H-4), 4.41 (m, 1H, H-3), 5.38 (d,J = 4.6 Hz,

(CagH26N404:0.5H,0) C, H, N.

1-Tritylinosine (19). To a suspension of inosink4 (268 mg,

1.0 mmol) in DMF (4 mL) were addedPrLNEt (0.2 mL, 1.2 mmol)
and trityl chloride (558 mg, 2.0 mmol), and the mixture was stirred
at 40°C for 18 h. The workup was identical to that of the general
procedure. The final residue was purified by CCTLC in the
Chromatotron (ChCl,:MeOH, 15:1) to afford 153 mg (30%) of
19 as a white solid: mp 123125 °C; MS (ES, positive mode)
m/z 511 (M + 1)*; 'H NMR (DMSO-dg) 6 3.45-3.62 (m, 2H,
H-5'), 3.91 (m, 1H, H-4, 4.11 (m, 1H, H-3, 4.50 (m, 1H, H-2),
5.02 (t,J = 5.3 Hz, 1H, OH), 5.21 (dJ = 4.9 Hz, 1H, OH), 5.48
(d,J = 6.0 Hz, 1H, OH), 5.83 (dJ = 5.7 Hz, 1H, H-1), 7.23—
7.36 (m, 15 H, Ph), 8.32, 8.33 (2s, 2H, H-8, H-2). Anal.
(CagH26N405-2H,0) C, H, N.

5'-O-Trityl-2 ',3-secoinosine (20).To a solution of 50-
tritylinosine (1)¢ (250 mg, 0.5 mmol) in 6 mL of dioxanefd
(5:1) was added a solution of NaJ@1L11 mg, 0.5 mmol) in KD
(1 mL). After a few minutes, a suspension formed that was stirred
for 18 h. The mixture was diluted with dioxane (5 mL), and after
10 min of stirring, the solid was filtered and further washed with
dioxane (3 mL). The combined filtrates were cooled &and
treated with NaBH (18 mg, 0.5 mmol). The resulting mixture was
stirred at room temperaturerf@ h and then acetone (0.1 mL) was
added. After 5 min, the reaction was neutralized by addition of a
few drops of 10% AcOH. Volatiles were removed, and the residue
was partitioned between,B andi-BuOH. The aqueous phase was
further extracted witli-BuOH. The combined organic phases were
dried on MgSQ, filtered, and evaporated. The final residue was
purified by CCTLC in the Chromatotron (GBl,:MeOH, 6:1) to
afford 154 mg (60%) 020 as an amorphous solidS (ES, positive
mode)m/z 513 (M + 1)*; 'H NMR (DMSO-ds) 6 2.79 (m, 2H,
H-5), 3.42 (m, 1H, H-3), 3.78 (m, 1H, H-4), 3.98 (m, 1H, H-2,
4.78 (br s, 1H, OH), 5.21 (br s, 1H, OH), 5.47 {t= 6.1 Hz, 1H,
H-1'), 7.07—7.26 (m, 15H, Ph), 8.06 (s, 1H, H-8), 8.28 (s, 1H,
H-2), 12.28 (br s, 1H, NH) Anal. @H28N405'2H20) C, H, N.

1-Benzyl-8-O-benzyl-2,3-O-isopropylideneinosine (22)To a
solution of 2,3'-O-isopropylideninosine1) (200 mg, 0.63 mmol)
in dry DMF (4 mL) was added NaH (60% in mineral oil, 81 mg,
2.10 mmol). The reaction was stirred at room temperature for 1 h.
Then, benzyl bromide (0.17 mL, 1.41 mmol) was added and stirring
was continued fol h atroom temperature. The reaction was
quenched by addition of a few drops of AcOH till the pH was87
Volatiles were removed, and the residue was purified by flash
column chromatography (GEl,:MeOH, 99:1 to 97:3) to yield 221
mg (71%) of22 as an oil: MS (ES, positive mode)z 489 (M +
1)*; IH NMR (CDCl) 6 1.29 (s, 3H, CH), 1.53 (s, 3H, CH),
3.56 (m, 2H, H-5), 4.38 (d,J = 1.8 Hz, 2H, CHO), 4.44 (m, 1H,
H-4), 4.83 (dd,J = 6.0, 2.1 Hz, 1H, H-3, 5.08 (ddJ = 6.0, 2.4
Hz, 1H, H-2), 5.16 (s, 2H, CEN), 6.02 (d,J = 2.4 Hz, 1H, H-1),
7.11-7.28 (m, 10 H, Ph), 7.89 (s, 1H, H-8), 7.93 (s, 1H, H-2).

1-Benzyl-3-O-benzylinosine (238! A solution containing22
(100 mg, 0.2 mmol) in 30% aqueous TFA (2.2 mL) was stirred at
0 °C for 20 min and for 3 h atoom temperature. Volatiles were
removed, and the residue was purified by CCTLC in the Chroma-
totron (CHCI,:MeOH, 20:1) to yield 87 mg (95%) &3 as a white
solid: mp 65-68°C (CH,Cl;:MeOH); m'z449 (M+ 1)*; 1H NMR
(CDCly) 6 3.59-3.72 (m, 3H, H-5 OH'), 4.32 (m, 1H, H-4), 4.42
(m, 1H, H-3), 4.46 (d,J = 2.7 Hz, 2H, OCHPh), 4.61 (m, 1H,
H-2"), 5.08 (s, 2H, N CHPh), 5.28 (br s, 1H, OH), 5.95 (d,=
5.4 Hz, 1H, H-1), 7.18-7.30 (m, 10 H, Ph), 7.80 (s, 1H, H-8),
7.92 (s, 1H, H-2). Anal. (&H24N4Os-H20) C, H, N.

TPase Enzyme Assayd he phosphorolysis of thymidine (dThd)
by human TPase was measured by HPLC analysis. The incubation
mixture (500uL) contained 10 mM Tris-HCI (pH 7.6), 1 mM
EDTA, 2 mM potassium phosphate, 150 mM NaCl, 5% DMSO,
and 10QuM of dThd in the presence of 0.025 U TPase. Incubations
were performed at room temperature. At different time points (i.e.,
0, 20, 40, and 60 min), 100t fractions were withdrawn,
transferred to an Eppendorf tube thermoblock, and boiled 4C95
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for 5 min. Next, the samples were rapidly cooled on ice, and dThd
was separated from thymine (Thy) and quantified in the samples
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Kinetic analysis of novel multisubstrate analogue inhibitors of
thymidine phosphorylasé&=EBS Lett.200Q 483 181—-185.

on a reverse phase RP-8 column (Merck, Darmstadt, Germany) by (14) Esteban-Gamboa, A.; Balzarini, J.; Esnouf, R.; De Clercq, E;

HPLC analysis. The separation of Thy and dThd was performed
by a linear gradient from 98% buffer B (50 mM NgPO, + 5

mM heptane sulfonic acid, pH 3.2) and 2% acetonitrile (ACN) to
50% buffer B and 50% ACN. Retention times of Thy and dThd
were 4.2 and 8.5 min, respectively. UV-based detection of Thy
and dThd was performed at 267 nm.

To evaluate the inhibitory effect of the compounds, a variety of
inhibitor concentrations in DMSO were added to the reaction
mixture (500uL) containing 100uM of dThd. The final DMSO
concentration in the reaction mixture was 5% for all inhibitor
concentrations. Aliquots of 10@L were withdrawn from the

reaction mixture at several time points, as described above, heated

at 95°C to inactivate the enzyme, and analyzed by HPLC.
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