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Abstract—A series of purine L-ribonucleosides 2a-2i bearing diverse C-substituents (alkyl, aryl, hetaryl or hydroxymethyl) in the
position 6 were prepared by Pd-catalyzed cross-coupling reactions of 6-chloro-9-(2,3,5-tri-O-acetyl-B-L-ribofuranosyl)purine with
the corresponding organometallics followed by deprotection. Unlike their p-ribonucleoside enantiomers that possess strong cyto-
static and anti-HCV activity, the L-ribonucleosides were inactive except for 6-benzylpurine nucleoside 2h showing moderate anti-
HCYV effect in replicon assay. A triphosphate of 2h did not inhibit HCV RNA polymerase.

© 2006 Elsevier Ltd. All rights reserved.

Purine nucleosides 1 bearing C-substituents in position 6
are an important class of biologically active compounds.
6-Methyl- and 6-ethylpurine nucleosides are cytotoxic.!
6-(hydroxymethyl)-,> 6-(fluoromethyl)-,> 6-(difluorom-
ethyl)-*, and 6-(trifluoromethyl)purine® ribonucleosides
are all strongly cytostatic. 6-Aryl-, 6-hetaryl-, and 6-ben-
zylpurine ribonucleosides were also found® to possess
significant cytostatic effects. A subclass of them, purine
ribonucleosides bearing 5-membered heterocycles in po-
sition 6, have recently been reported to exert’ strong
anti-HCV activities. Though the mechanism of action
of the latter class of compounds is not yet fully under-
stood, they all inhibit RNA synthesis. In order to
achieve selective inhibition of HCV RNA polymerase,
some additional sugar modifications may be pursued.
From the previous studies it is known that 2’- and 5'-
deoxyribonucleosides,® as well as 2’-C-methyl-ribonu-
cleosides’ of the 6-aryl- or 6-hetarylpurine series are
inactive, while some carbocyclic homonucleosides still
exert!? cytostatic effects.

L-Nucleosides, enantiomers of the natural nucleosides,
were first reported!! in the 1960s. Much later some
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L-nucleosides were found!? to possess strong antiviral
activity, lower toxicity and higher metabolic stability
compared to their b-counterparts. Several of them are
clinically used antiviral drugs and some other ones are
in final stages of clinical trials.'? These findings prompt-
ed extensive research of nucleobase- as well as sugar-
modified L-nucleosides in recent years.'*

Combining the structural features of the two above-
mentioned classes of biologically active compounds,
we report here on the synthesis and biological activity
of L-ribonucleosides 2 (Fig. 1) derived from purines
bearing diverse C-substituents in position 6. The selec-
tion of substituents was based both on diversity and
on analogy to the most active compounds of the p-ribo
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Figure 1. Structures of biologically active purine p-ribonucleosides 1
and the title L-nucleosides 2.
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series: two examples of phenyl groups, three hetaryl,
three alkyl groups and one functionalized, hydroxy-
methyl group.

All the title L-ribonucleosides 2 were prepared by cross-
coupling reactions'> of the corresponding protected
6-chloropurine nucleoside 3. This intermediate was pre-
pared!® in 61% yield by glycosidation of 6-chloropurine
by commercially available 1,2,3,5-tetra-O-acetyl-B-L-ri-
bose in presence of SnCly.

The 6-chloropurine nucleoside 3 was then subjected to a
series of cross-coupling reactions with organometallics
(Scheme 1, Table 1). The Suzuki-Miyaura coupling with
phenyl-, 4-methoxyphenyl-, and 3-thienylboronic acid in
toluene catalyzed by Pd(PPhs); gave 6-phenyl-, 6-(4-
methoxyphenyl)-, and 6-(3-thienyl)purine nucleosides
4a—4c (analogy to Ref. 6a,7). The Stille reactions with
2-thienyl- and 2-furyl(tributyl)stannanes in DMF cata-
lyzed by PdCI,(PPhs), gave 6-(2-thienyl)- and 6-(2-
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furyl)purine nucleosides 4d and 4e (analogy to Ref.
6b). Cross-coupling reactions with trimethylaluminum,
triethylaluminum (analogy to Ref. 17), and benzylzinc
chloride (analogy to Ref. 6b) in the presence of
Pd(PPh3), in THF at 70 °C gave the corresponding
6-methyl-, 6-ethyl-, and 6-benzylpurines 4f—4h. Cross-
coupling with (benzoyloxymethyl)zinc iodide in presence
of Pd(PPh;)4 in THF at rt gave 6-(benzoyloxymeth-
yl)purine 4i (analogy to Ref. 2). All the acylated nucleo-
sides 4 were deprotected using standard treatment with
NaOMe in methanol to give the series of L-ribonucleo-
sides 2a—2i in good yields.'®

Title L-nucleosides 2a-2i were subjected to biological
activity screening. In vitro cytostatic activity tests (inhi-
bition of cell growth) were performed using the follow-
ing cell cultures: mouse leukemia L1210 cells (ATCC
CCL 219); human promyelocytic leukemia HL60 cells
(ATCC CCL 240); human cervix carcinoma HeLa S3
cells (ATCC CCL 2.2); and human T lymphoblastoid
CCRF-CEM cell line (ATCC CCL 119). None of these
compounds showed any significant cytostatic effect at
10 uM concentration.

Cl
Cl
N7 | N\> NASN Antiviral activity of L-nucleosides 2a-2i was evaluated
L\N N N S in an HCV subgenomic replicon assay'® and the results
H SnCl,, CHCN N~ N are presented in Table 2. Analogs, 2d and 2h, displayed
OAc S .. . SR
+ 0 antiviral activity with no detectable cytotoxicity in Huh-
o OAc 7 or MT-4 cells. Close structural analogs of 2d, for
AcO 3 OAcOAG example 3-thienyl (2¢) and 2-furyl (2e), were inactive
OAc OAc cross-coupling
see, Table 1
Table 2. HCV antiviral activity, cytotoxicity, and HCV NS5B
R R inhibition
Ngi'\g NaOMe N)i"g Compound HCV replicon® Huh7®  MT-4°  NS5B¢
L\N N L\N N ECso (M) CCso (M) CCso (M) ICso (LM)
0 OH o OAc 2a >100 >50 — —
2b >50 >100 — —
2a-2h 4a-4h 2¢c >50 >50 — —
OH OH OAc OAc 2d 56 >100 >100 o
1,24 R 124| R 2e >100 >100 - -
2f >500 >500 — —
a Ph f CHj 2g >500 >500 — —
b 4-MeOPh g CH,CHs 2h 41 >500 >500 >100
¢ | a-thienyl h | CHyPh a >300 >300 — —
d 2-thienyl i* | CH,OH *4i, R = CH,0Bz zAntiViral acFi\./ity.in HCV conl replicqn (N=2). .
Cellular toxicity in Huh-7 cells harboring con-1 replicon (N = 2).
e 2-furyl ¢ Cellular toxicity in MT-4 cells (N = 2).
. . . 41n vitro inhibition toward purified HCV NS5B (N = 2).
Scheme 1. Synthesis of the title L-nucleosides 2.
Table 1. Cross-coupling reactions of 3 with organometallics
Entry Reagent Catalyst Product (yield) Deprotection (yield)
1 PhB(OH), Pd(PPhs), 4a (88%) 2a (75%)
2 4-MeOPhB(OH), Pd(PPhs), 4b (85%) 2b (87%)
3 3-ThienylB(OH), Pd(PPhs), 4c (90%) 2¢ (79%)
4 2-ThienylSnBu; PdCly(PPhs), 4d (93%) 2d (72%)
5 2-FurylSnBu;, PdCl,(PPhs), de (92%) 2e (76%)
6 Me;Al Pd(PPh3), 4f (66%) 2f (88%)
7 Et:Al Pd(PPhs), 4g (68%) 2g (73%)
8 BnZnCl Pd(PPh3), 4h (62%) 2h (62%)
9 BzOCH,Znl Pd(PPhs), 4i (88%) 2i (80%)
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indicating that the antiviral structure—activity relation-
ships for 6-modified purine L-ribonucleosides are quite
narrow.

To verify the antiviral mode of action, the triphos-
phate of 2h was prepared?® and the in vitro inhibi-
tion of HCV NS5B polymerase evaluated.?!
Inhibition was determined using recombinant NS5B
derived from HCV conl strain (1b), with a C-termi-
nal hexahistidine tag and the last 21 amino acids
deleted, and a heteropolymeric RNA template.””> No
inhibition of the NS5B polymerase activity was
observed up to 100 uM concentration of inhibitor
(Table 2). In addition, the ability of 2h triphosphate
to serve as a NS5B polymerase substrate in a single-
nucleotide incorporation assay was determined.?® The
incorporation assay was performed using recombinant
NS5B from HCV conl strain (1b), with a C-terminal
hexahistidine tag and the last 55 amino acids deleted,
a dinucleotide primer (GpC), and a RNA oligonu-
cleotide template (5-CAAAAAAAUGC-3').* No
incorporation of 2h triphosphate by NS5B was
observed up to concentrations of 1 mM. Further-
more, the triphosphate of L-adenosine was also not
incorporated by NS5B polymerase under the same
conditions. Taken together, these results suggest that
purine L-ribonucleosides are not substrates of the vir-
al polymerase and that the antiviral activity of 2h
was not due to incorporation by NS5B polymerase
into the viral RNA and subsequent termination of
further synthesis, but most likely inhibition of other
cellular or viral targets.
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