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Abstract: With the aim to design potential inhibitors of ribonucleotide reductase (RR), 2’-O-allyl-B-D-
arabinofuranosyl-uracil (4), -cytosine (7) and -adenosine (10) were prepared and evaluated for their cytostatic
activity against Molt4/C8, CEM and L1210 cell lines. Although our preliminary data do not allow to assess if RR
is the intracellular target, the results point to differences in the (anti)metabolic behavior of these compounds. This
study also offers a general synthesis of 2’-O-allyl-B-D-arabinofuranosyl nucleosides for potential applications in
the preparation of 2’-O-allyl-B-D-oligoarabino nucleotides. © 1997, Elscvier Science Ltd. All rights reserved.

An important step in the DNA biosynthesis, catalyzed by ribonucleotide reductase (RR), involves radical

intermediates. 1,23
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It has been reported by Thelander et al and Stubbe and coworkers,3>> that compounds featured by
reactive groups capable of quenching the tyrosyl free radical, present on RR, may work as inhibitors of this
enzyme. Thus, hydroxyurea (HU) and related compounds,6
methylene-2'-deoxy-cytidine (MdCyd),7 2'-methylene-2'-deoxy-uridine (MdUrd)8 and 2',2'-difluoro-2'-deoxy-

ytidine (dFdCyd),9 have been shown to be effective as cytostatic and/or antitumor agents.

the potent mechanism-based inhibitors 2'-

Moreover, it has been recently observed that HU, at non-toxic doses, enhances the activity against human
immunodeficiency virus type 1 (HIV-1) of both purine and pyrimidine 2',3'-dideoxynucleosides (ddNs) in
human lymphocytes and macrophages. 10 Therefore, nucleosides endowed with radical scavenging moieties, that
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might behave as mechanism-based RR inhibitors, are of interest for the development of potential antiviral and/or
antitumor agents.

To this regard suitable functional groups have been proposed by Robins and Stubbe,8:11 and we have
recently investigated vinyl and alkyny! substituted nucleosides.!2 The allylic moiety is known to act as an
effective radical scavenger: Chattopadhyaya et al.,13 developing some new chemistry for the functionalization of
2" and 3' positions of nucleosides, have recently shown that 1-(5'-O-(MMtr)-3'-deoxy-3'-phenylseleno-2'-O-
allyl-1-B-D-ribofuranosyl or -arabinofuranosyl)uracil readily underwent intramolecular cyclization upon
generation of the free-radical at position 3' with tin hydride.

2'-0-Allyl-ribonucleosides have been widely studied, because of the biological importance of 2'-O-alkyl-
oligoribonucleotides,14 but the corresponding 2'-O-allyl-arabinofuranosides have, to the best of our knowledge,
not been investigated. Furthermore, araC itself has been demonstrated to be a moderate RR inhibitor !> but this
intriguing aspect was not further examined.

Taking all these considerations into account, and continuing our efforts toward the study of nucleosides
endowed with radical-scavenging moieties, we envisaged compounds 4, 7 and 10 as possible candidate
antitumor/antiviral agents. The potential diastereoselective radical cyclization promoted by RR on 2'-0-allyl-
arabinofuranosyl nucleosides, through the generation of a radical species at the 3'-position, could account for the
biological activity.
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Figure 1. Diastereoselective radical cyclization possibly induced by RR
in 2'-O-allyl-arabinonucleosides

Chemistry

The 2'-O-allylation of ribonucleosides, without protecting the 3'- and 5'-hydroxy groups, is reported to
yield a mixture of 2'- or 3'-O-allyl derivatives that next require the conversion into the corresponding 3',5'- and
5'-protected nucleosides, respectively, in order to be resolved. These procedures also require the use of a phase
transfer catalyst (tetrabutyl ammonium bromide, TBAB) and dibutyltin derivatives (i.e. dibutyltinoxide, DBTO)
in DMF. 1416 In our case we decided to simply proceed with protected precursors and a conventional base.

2,2'-Anhydro-(1-B-D-arabinofuranosyl)uracil (1) was chosen as common starting material for the
preparation of 4 and 7. This intermediate is particularly useful for our purposes because it can be easily protected
in a regiospecific manner at the 5'- and 3'-hydroxy groups and also converted into the corresponding cytidine
derivative by known procedures. It is worth to mention that with cytidine (either protected or not at N#-position),
direct alkylation at the base occurs rather then O-alkylation. 17 Thus, after having explored several protecting

groups for the 3' and 5'-hydroxy functions, we selected the tetrahydropyranyl moiety (THP).
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i: DHP, TsOH x H,0, CH,CN; ii: KOH, EtOH; ii: allyl bromide, NaH 60%, THF;
iv: TSOH x H,0, MeOH.
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Briefly, 2,2'-anhydro-(1-B-D-arabinofuranosyljuracil (1) was protected as 3', 5'-O-THP-derivative,
treated with KOH in ethanol to give 3',5-O-THP-araU (3) and allylated at the 2'-position with allyl bromide and
sodium hydride, as the base, in CH3CN (52% overall yield, as compared to 1).

Compound 3 could be deprotected to give the 2'-O-allyl-araU (4) by treatment with toluenesulphonic acid
(TsOH) in 63% yield or converted into the corresponding 3',5'-0-THP-2'-O-allyl-araC (6) in two steps,
following and adapting the procedure of Divakar and Reese (75% overall yield).18 This latter intermediate could
be easily deprotected at the THP-groups, by treatment with TsOH, to give 7 in 83% yield.

In the case of araA, the use of 2',5-O-THP- or 3',5'-O-TIPDS-protecting groups gave unsatisfactory
results in terms of yields and selectivity of the 2'-O-allylation reaction. Better results were obtained by protecting
araA as its 3',5'-O-tert-butyldimethylsilyl derivative (TBDMS-araA) (8). 19 This latter was then allylated with
allyl bromide and sodium hydride in 32% yield (9), with concomitant formation of mixtures of by-products
alkylated at the NO6- and/or 2'-0-positions.

This occurrence! 7 could be avoided by employing 3',5'-O-TIPDS-6-0-(2,6-dichlorophenyl) protected
purine ribonucleosides either with hindered bases or under Pd(0) catalysis. 14,16 our yields were not optimized
and estimated suitable to achieve sufficient material for the preliminary biological investigations. The TBDMS-
groups were next removed by treatment with ammonium fluoride/methanol (NH4F/MeOH) to give the final 10 in

92% yield.20
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Finally, to assess if partial cleavage to the parent nucleosides could be at the basis of the observed activity,
the stability of title compounds to hydrolytic cleavage was evaluated in water and aqueous acidic solutions.21 All
compounds proved fully stable after incubation at pH 2 and pH 7 for 24h at 37°C.

Biological Activity

Compounds 4, 7 and 10 were evaluated for their cytostatic activity against murine leukemia cells (L1210)
and human T-lymphocyte cells (Molt4/C8, CEM). The results are presented in Table 1. Whereas 2'-O-allyl-araU
(4) was devoid of any marked cytostatic activity against murine and human cells, 2'-0O-allyl-araC (7) and 2'-O-
allyl-araA (10) inhibited tumor cell proliferation at an ICsg of 72-588 uM against the three tumor cell lines
investigated. Interestingly 2'-O-allyl-araA (10) inhibited the proliferation of all three cell lines (ICsg 72-250
UM).
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Table 1. Inhibitory effects of nucleoside derivatives 4, 7and 10 on the
proliferation of murine leukemia L1210 and human T-lymphocyte Molt4/C8

and CEM cells.
ICsp(uM)?
Compound L1210 Molt4/C8 CEM
4 > 500 > 500 > 500
7 127+ 30 588 £204 127+ 14
10 250+ 62 88 + 31 725
aral > 200 > 200 > 200
araC 0.031 £0.004 0.030 £ 0.004 0.0037 £ 0.004
araA 14264 11973 248+ 19

a 50% Inhibitory concentration, or compound concentration required to inhibit
tumor cell proliferation by 50%.

2'-0-Allyl-araC (7) was poorly cytostatic against human Molt4/C8 cells, but had a more pronounced
inhibitory effect on human CEM and murine L1210 cell proliferation (ICsg: 127 uM). This result may be
suggestive of a differential metabolism of these compounds in the above cited tumor cell lines. It is notewortly
that the araC derivative 7 is approximately three orders of magnitude less cytostatic than the parent compound
araC. This can be due to a much lower efficiency of phosphorylation by the nucleoside and/or nucleotide kinases
to the 5’-mono-, di- and triphosphate derivatives, and/or to a decreased affinity of the 7 metabolite(s) for their
target enzyme(s).

Our preliminary data do not allow to assess if RR is an intracellular target for the antitumor activity of these
compounds. Further biological studies will be required to elucidate the molecular mechanism of the biological
activity.

In conclusion, previously unreported 2'-O-allyl-1-B-D-arabinofuranosyl-uracil, -cytosine and -adenine
were obtained and evaluated for their cytostatic activity. The results, point to differential antiproliferative activity
of the novel compounds, which might be suggestive of a difference in the metabolism of these compounds in the
different cell lines and/or different inhibitory activity of their metabolites against their intracellular targets. In
view of the importance of 2'-O-alkyl-oligoribonucleotides, this study offers a facile general synthesis of 2'-O-
allyl-arabinofuranosyl nucleosides of interest for potential applications to the preparation of 2'-0-allyl-

oligoarabinonucleotides.
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