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Abstract—Palladium-coupling reaction of (1S, 4R)-cis-4-acetoxy-2-cyclopenten-1-ol with sodium salt of 2-fluoroadenine resulted in
the formation of (1S,4R)-4-(6-amino-2-fluoro-9H-purin-9-yl)cyclopent-2-en-1-ol. Subsequent oxidation was carried out with
osmium tetraoxide (OsOy) in the presence of 4-methylmorpholine N-oxide (NMO) to give 2-fluoronoraristeromycin, possessing
significant inhibitory activity against recombinant Plasmodium falciparum SAH hydrolase.
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S-Adenosyl-L-homocysteine (SAH) hydrolase has
emerged as a target enzyme for the molecular design of
antiviral, antitumor, antiparasitic, antiarthritic and
immunosuppressive agents.! SAH is formed after the
donation of the methyl group of S-adenosyl-L-methio-
nine (SAM) to a methyl accepter and is hydrolyzed to
adenosine and homocysteine by SAH hydrolase,
physiologically. Inhibition of SAH hydrolase results in
cellular accumulation of SAH. It is a potent feedback
inhibitor of SAM-dependent biological methylation such
as the 5-end of eukaryotic mRNA."* In contrant to
human SAH hydrolase, Plasmodium falciparum SAH
hydrolase contains a 41-amino acid insert (Gly 145-Lys
185) inside the sequence.’ P. falciparum causes malignant
malaria. This difference may produce selective sensitivity
against each SAH hydrolase inhibitor. Neplanocin A (1)
and aristeromycin (2) are naturally occurring products
possessing inhibitory activity against SAH hydrolase.
When these inhibitors work as a substrate for adenosine
kinase, they show cytotoxicity. Neplanocin A (1) and
aristeromycin (2) are also known to be rapidly deami-
nated by adenosine deaminase to a chemotherapeutically
inactive inosine congener.® In order to overcome these
disadvantages in the development of chemotherapeutic
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agents, chemical modifications of carbocyclic nucleosides
have been carried out. Because noraristeromycin (3) lacks
the 5'-methylene unit of aristeromycin (2), it does not
work as a substrate for adenosine deaminase (Fig. 1).
Recently, we have found that ICsy of noraristeromycin
(3) against human and P. falciparum recombinant SAH
hydrolase’ is 1.1 and 3.1 pM, respectively.?
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Figure 1. Structure of carbocyclic nucleosides.

We have reported a method for the preparation of nor-
aristeromycin derivatives possessing 2- or 8-position
modified adenine or 8-aza-7-deazaadenine.® Among
these derivatives, 2-aminonoraristeromycin selectively
showed inhibitory activity against recombinant P. falci-
parum SAH hydrolase. In the course of the investiga-
tion, we envisaged that a noraristeromycin derivative
possessing a polar-substituent at the 2-position of the
adenine ring would have selective inhibition against
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P. falciparum recombinant SAH hydrolase. Further-
more, it has been documented that the introduction of a
halogen atom at the 2-position of adenine nucleosides
prevented a decrease in the biological activity by the
adenosine deaminase digestion.’

This paper describes a convenient method for the prepara-
tion of 2-fluoronoraristeromycin (4) with the aim of devel-
oping antimalarial agents, which possess inhibitory activity
against recombinant P. falciparum SAH hydrolase.

Chemistry

Palladium-coupling reaction!® of (1S, 4R)-cis-4-acetoxy-
2-cyclopenten-1-ol (5) with sodium salt of commercially
available 2-fluoroadenine resulted in the formation of
(1S, 4R)-4-(6-amino-2-fluoro-9 H-purin-9-yl)cyclopent-
2-en-1-0l (6) in 60% yield. Subsequent oxidation of
compound 6 was carried out with osmium tetraoxide
(OsOy) in the presence of 4-methylmorpholine N-oxide
(NMO) to give 2-fluoronoraristeromycin (4) in 87%
yield. The structures of compounds 4 and 6 were sup-
ported by spectral data ("H NMR, '3C NMR, MS and
HRMS) and microanalytical results (see refs 11 and 12)
(Scheme 1).

Biological Activities

A profile of the inhibitory activity of 2-fluoronor-
aristeromycin (4) against recombinant P. falciparum and
human SAH hydrolase is shown in Figure 2. Introduc-
tion of a 2-fluoro substituent to the adenine ring of
noraristeromycin (3) causes moderate selectivity against
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Scheme 1. Reagents and conditions: (i) 2-fluoroadenine, NaH,
(Ph3P)4Pd, DMSO, THF, 55°C; (ii) OsO4, NMO, THF, H,O.
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Figure 2. Inactivation of SAH hydrolase by compound 4. SAH
hydrolase was incubated with compound 4 at 30°C [(@) P. falciparum
SAH hydrolase, () human SAH hydrolase].

P. falciparum SAH hydrolase as determined by inhibi-
tory activity on the synthetic direction of SAH. Inhibi-
tory activities (ECso and K; values) of compounds 3 and
4 against human and P. falciparum recombinant SAH
hydrolases are summarized in Table 1 (see ref 13). Nor-
aristeromycin (3) showed ICs, values of 1.1 and 3.1 uM
against human and P. falciparum SAH hydrolase,
respectively. The K; values against human and P. falci-
parum SAH hydrolase were 0.16 and 0.18 pM, respec-
tively. The selective index (human SAH hydrolase/
P. falciparum SAH hydrolase) of compound 3 based on
the corresponding K; values is 0.89. On the other hand,
2-fluoronoraristeromycin (4) is a more significant inhib-
itor against P. falciparum SAH hydrolase (IC5=13 uM
and K;=0.48 uM) than against human SAH hydrolase
(IC50=63 uM and K;=7.9 uM). The introduction of a
fluorine atom to the 2-position of the adenine ring
brought an 18-fold increase in the selective index (see
Table 1).

In vitro antimalarial activities and cytotoxicities of
compounds 3 and 4 were determined according to the
method previously described.!* As shown in Table 2, the
toxicity of the 2-fluoro derivative (4) against FM3A
cells brought about 100-fold decrease in comparison
with that of noraristeromycin (3). However, anti-
malarial activity of 2-fluoronoraristeromycin (4) did not
change, and the selective index, based on in vitro anti-
malarial activity, increased to 0.97 from 0.01.

In this research, we have found that 2-floronoraristero-
mycin (4) showed significant selectivity against P. falci-
parum SAH hydrolase and possessed moderate
inhibition against P. falciparum proliferation. Introduc-
tion of a fluorine atom to the 2-position of the adenine
ring of noraristeromycin (3) decreased the cytotoxicity
against mammalian cells (FM3A). This observation
provides a clue to the development of facile chemo-
therapeutic agents against malaria.

Table 1. Inhibitory activities of compounds against human and
P. falciparum SAH hydrolases

Compd Human P. falciparum Selective index®
ICso (M) K IC5o M) K

3 1.1 0.16 3.1 0.18 0.89

4 63 7.9 13 0.48 16

4Selective index: mean of K; value for human SAH hydrolase/mean of
K; value for P. falciparum SAH hydrolase.

Table 2. Inhibitory activities of compounds against FM3A and
P. falciparum

Compd FM3A? P. falciparum® Selective index®
ECsp (uM) ECsp (uM)

3 0.072 7.4 0.01

4 7.2 7.4 0.97

4FM3A is a mammalian cell.

®P. falciparum is human malaria parasites.

Selective index: mean of ECsq value for FM3A cell/mean of ECs,
value for P. falciparum.
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