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Sugar modified pyrimidoĳ4,5-b]indole nucleosides:
synthesis and antiviral activity†

Juraj Konč,a Michal Tichý, a Radek Pohl,a Jan Hodek,a Petr Džubák,b

Marián Hajdúchb and Michal Hocek *ac

Three types of sugar modified pyrimidoĳ4,5-b]indole nucleosides (2′-deoxy-2′-fluororibo-, 2′-deoxy-2′-

fluoroarabino- and arabinonucleosides) were synthesized by glycosylation of 4,6-dichloropyrimidoĳ4,5-

b]indole followed by modification of sugar moiety and introduction of substituents into position 4 by

cross-coupling reactions or nucleophilic substitutions. Some 2′-fluororibo- and 2′-

fluoroarabinonucleosides displayed interesting anti-HCV activities (IC50 = 1.6–20 μM) and the latter com-

pounds also some anti-dengue activities (IC50 = 10.8–40 μM).

Introduction

Modified nucleosides are one of the most important classes
of antivirals.1,2 They mostly work through intracellular phos-
phorylation to the corresponding nucleoside triphosphates
(NTPs), which inhibit the viral DNA or RNA polymerase and/
or terminate the DNA or RNA chain. Modification on the
nucleobase can bring higher metabolic stability and increased
affinity to the enzyme, whereas sugar modifications cause ter-
mination of the chain and often bring selectivity toward viral
polymerases. On the other hand, chemical modifications of
nucleosides often lead to inefficient phosphorylation by nu-
cleoside kinases and, therefore, many of the nucleoside drugs
are use in form of 5′-phosphate prodrugs.2,3 These effects can
be demonstrated on blockbuster drug Sofosbuvir (2′-α-fluoro-
2′-β-methyluridine phosphoramidate prodrug),4 which is used
for treatment of Hepatitis C (HCV), and on GS-5734
(phosphoramidate of 1′-cyano-ribo-C-nucleoside bearing
4-aminopyrroloĳ2,1-f ]triazine base),5 which is in clinical trials
for treatment of Ebola virus. Despite recent progress in treat-
ment of HCV and other viruses, there are many other, so far
neglected emerging viruses,6 for which there is no treatment

available, and hence are the challenge for the current medici-
nal chemistry.

Our long-term research of biological activities of
7-deazapurine nucleosides resulted in discovery of two main
groups of cytostatics (6-hetaryl-7-deazapurines 17 and
7-hetaryl 7-deazapurines 28) with nanomolar activities against
broad panel of cancer cell lines. These compounds also
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Fig. 1 Previously reported 7-deazapurine nucleosides and fused-7-
deazapurine nucleosides with cytostatic and antiviral activities. Custom
purine numbering (red) is shown in structure 2, systematic numbering
(black) of pyrroloĳ2,3-d]pyrimidines and pyrimidoĳ4,5-b]indoles is
shown in structures 1 and 3, respectively.
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showed potent anti-HCV effects, which were unfortunately
accompanied by cytotoxicity. These results showed the
space for modification in the “major groove” part of the
molecule and inspired us to design of fused-7-deazapurine
nucleosides with the aim of possible selectivity modulating
of antiviral and cytostatic activities. First generation of such
fused nucleosides, pyrimidoindole ribonucleosides 3a bear-
ing various hetaryl groups in position 4,9 displayed negligi-
ble cytostatic activity, however, several derivatives bearing
2-hetaryl groups exerted interesting micromolar activity
against dengue virus.9 Benzo-fused 7-deazaadenine ana-
logues 3b showed10 similarly potent anti-dengue effect and
anti-HCV activity with 4-methyl derivative being the most
active compound with sub-micromolar anti-HCV activity
(replicon 1B) and no cytotoxicity. Second generation of
fused nucleosides, thienopyrrolopyrimidine ribonucleosides
4,11 were again cytostatic at nanomolar concentrations with
potent anti-HCV activity accompanied by cytotoxicity and
no effect against dengue virus. In order to complete the

SAR of this class of compounds and to gain selectivity to
RNA viruses without cytotoxicity, we designed sugar-
modified nucleosides derived from 4-substituted
6-chloropyrimidoĳ4,5-b]indole ribonucleosides (Fig. 1). We fo-
cused on 2′-deoxy-2′-fluororibo-, 2′-deoxy-2′-fluoroarabino-
and arabinonucleosides, because related sugar modified de-
rivatives of 7-hetaryl-7-deazapurine nucleosides were previ-
ously shown to be significantly less cytotoxic than corre-
sponding ribonucleosides.12 Moreover, arabino- or 2′-
fluoroarabino sugars occur in clinically used cytostatics
Clofarabine13 and Fludarabine14 and also some 2′-
fluororibonucleotides have displayed biological effects.15

Chemistry

Our synthetic plan toward sugar modified pyrimidoindole nu-
cleosides was based on the preparation of the key-
intermediate 4,6-dichloropyrimidoindole nucleosides either
by glycosylation of known heterocyclic base or by manipula-
tion of functional group in 2′-position of the sugar moiety.
The substituents could be introduced to the position 4 on py-
rimidine ring either by nucleophilic substitution or by cross-
coupling reaction in the final steps.

A nucleobase anion glycosylation of the previously
reported 4,6-dichloropyrimidoĳ4,5-b]indole (5)9 with the
known α-bromo-2-fluoroarabinose 616 furnished the desired
key-intermediate fluoroarabinonucleoside 7 in 51% yield
(Scheme 1) from which a series of final 4-substituted 2′-
deoxy-2′-fluoroarabinonucleosides 9a–i was then synthesized.
The selection of substituents and reaction conditions was
based on our previous experience with fused-deazapurine
nucleosides.9 First, we attempted to deprotect nucleoside 7
to get free 4-chloro 2′-deoxy-2′-fluoroarabinonucleoside,
however, the position 4 on pyrimidoindole base was found
so reactive, that nucleophilic substitution was easier than
debenzoylation and proceeded simultaneously. With the
aim to introduce substituents selectively into the position
4 and keep chlorine in position 6 untouched, we applied
previously optimized conditions for Suzuki coupling (catal-
ysis by PdĲPPh3)4 in combination with potassium carbon-
ate as a base in toluene) to synthesize 4-phenyl-,

Scheme 1 Reagents and conditions: a) KOH, TDA-1, MeCN, r.t., 30
min, then Br-arabinose 6 in MeCN, r.t., 20 h; b) aq. NH3, dioxane, 100
°C, 2 days; c) 1 M NaOMe in MeOH, MeOH, r.t., 3 h; d) NaSMe, EtOH, r.
t., 4 h; e) (Me)3Al (2 M in toluene), PdĲPPh3)4, THF; 70 °C, 18 h; f) R–
BĲOH)2, K2CO3, PdĲPPh3)4, toluene, 100 °C, 17–36 h; g) R–SnBu3,
PdCl2ĲPPh3)2, DMF, 100 °C, 17–18 h; h) 1 M NaOMe in MeOH, MeOH, r.
t., 2–18 h.

Table 1 Synthesis of 2′-deoxy-2′-fluoroarabinonucleosides 8 and 9

Entry R Conditions
Protected
nucleoside

Yield
[%]

Final
nucleoside

Yield
[%]

1 NH2 b — — 9a 78
2 OMe c — — 9b 22
3 SMe d — — 9c 32
4 Me e 8d 46 9d 78
5 2-Furyl g 8e 79 9e 69
6 3-Furyl f 8f 77 9f 33
7 2-Thienyl g 8g 51 9g 78
8 3-Thienyl f 8h 53 9h 65
9 Phenyl f 8i 55 9i 65

Scheme 2 Reagents and conditions: a) KOH, TDA-1, toluene, r.t., 30
min, then 10 in toluene, r.t., 24 h; b) 90% aq. TFA, r.t., 30 min.
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4-(3-thienyl)- and 4-(3-furyl)-derivatives. Isomeric 2-furyl- and
2-thienyl-derivatives were obtained by Stille coupling with
2-(tributylstannyl)furan or 2-(tributylstannyl)thiophene cata-
lyzed by PdCl2ĲPPh3)2 in DMF. Methyl group was intro-
duced by Pd-catalyzed methylation with trimethyl-
aluminium. All these reactions were performed starting
from the benzoylated nucleoside 7 and intermediates 8d–i
were then deprotected to desired final free nucleosides
9d–i using the standard Zemplén method – sodium
methoxide in methanol. The amino-, methoxy- and
methylsulfanyl-derivatives 9a, 9b, and 9c were obtained by
nucleophilic substitution with aqueous ammonia in diox-
ane at 100 °C, sodium methoxide in MeOH or sodium
methanethiolate in EtOH, respectively. Benzoyl groups
were simultaneously removed under reaction conditions
and the final free nucleosides 9 were isolated in good
yields (Scheme 1, Table 1).

The synthesis of arabinonucleosides and 2′-deoxy-2′-
fluororibonucleosides was envisaged by modification of 2′-
position of the corresponding 4,6-dichloropyrimidoindole

ribonucleoside intermediate 12. It was prepared by
stereoselective glycosylation of the pyrimidoindole
nucleobase 5 with the protected 1-chlororibose 1017

followed by sugar deprotection. The desired nucleoside
12 was obtained in overall 29% yield as the pure
β-anomer (Scheme 2).

The key 4,6-dichloropyrimidoĳ4,5-b]indole
arabinonucleoside intermediate 16 was then prepared by in-
version of configuration at the 2′-carbon of the 3′,5′-protected
ribonucleoside 13 using a sequence of redox reactions. Nucle-
oside 13 was first oxidized by Dess–Martin periodinane to
oxo-derivative 14 in excellent 91% yield. Then a well known
stereoselective reduction of 14 using NaBH4 in ethanol12a,b

furnished the desired silylated arabinonucleoside 15, which

Scheme 3 Reagents and conditions: a) TIPDSCl2, py, r.t., 4 h; b) Dess–
Martin periodinane, DCM, 0 °C to r.t., 18 h; c) NaBH4, EtOH, 0 °C to r.
t., 1.5 h; d) Et3N·3HF, THF, r.t., 18 h; e) aq. NH3, dioxane, 100 °C, 20 h;
f) 1 M NaOMe in MeOH, MeOH, r.t., 3 h; g) NaSMe, EtOH, r.t., 3 h; h)
(Me)3Al (2 M in toluene), PdĲPPh3)4, THF; 70 °C, 18 h; i) R–BĲOH)2,
Na2CO3, PdĲOAc)2, TPPTS, H2O/MeCN (2 : 1), 100 °C, 2–4 h.

Table 2 Synthesis of arabinonucleosides 17

Entry R Conditions Product Yield [%]

1 NH2 e 17a 85
2 OMe f 17b 77
3 SMe g 17c 71
4 Me h 17d 68
5 2-Furyl i 17e 33
6 3-Furyl i 17f 62
7 2-Thienyl i 17g 70
8 3-Thienyl i 17h 75
9 Phenyl i 17i 58

Scheme 4 Reagents and conditions: a) Ac2O, Et3N, DMAP, MeCN, r.t.,
1 h; b) Et3N·3HF, THF, r.t., 18 h; c) DHP, TsOH, DMF, r.t., 18 h; d) 25–
30% NH3 in MeOH, 0 °C, 4 h; e) DAST, py, DCM, 0 °C to r.t., 18 h; f)
90% aq. TFA, r.t., 2 h; g) aq. NH3, dioxane, 100 °C, 20 h; h) 1 M NaOMe
in MeOH, MeOH, r.t., 3 h; i) NaSMe, EtOH, r.t., 2 h; j) (Me)3Al (2 M in
toluene), PdĲPPh3)4, THF; 70 °C, 24 h; k) R–BĲOH)2, Na2CO3, PdĲOAc)2,
TPPTS, H2O/MeCN (2 : 1), 100 °C, 2–4 h.

Table 3 Synthesis of fluororibonucleosides 23

Entry R Conditions Product Yield [%]

1 NH2 g 23a 82
2 OMe h 23b 80
3 SMe i 23c 87
4 Me j 23d 65
5 2-Furyl k 23e 12
6 3-Furyl k 23f 50
7 2-Thienyl k 23g 70
8 3-Thienyl k 23h 40
9 Phenyl k 23i 41
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was deprotected to the free arabinonucleoside 16 in very
good 72% yield over 4 steps (Scheme 3).

A series of 4-substituted arabinonucleosides 17a–i was
then prepared in good yields by aromatic nucleophilic substi-
tution, Pd-catalyzed cross-coupling reaction with trimethyl-
aluminium or aqueous-phase Suzuki cross-coupling reaction
catalyzed by palladium acetate in combination with TPPTS
(Scheme 3, Table 2). The only low yielding reaction was the
Suzuki coupling with 2-furylboronic acid probably due to lim-
ited stability of the reagent.

4,6-Dichloropyrimidoĳ4,5-b]indole 2′-deoxy-2′-fluoro-
ribonucleoside 22 was selected as the key intermediate for
the synthesis of a series of 2′-deoxy-2′-fluororibo derivatives. It
was obtained in good 35% overall yield by a 6-step synthesis
concluded by stereoselective SN2 fluorination of the bis-THP-
protected arabinoside 21 followed by acidic deprotection
(Scheme 4). A series of 4-substituted 2′-deoxy-2′-
fluororibonucleosides 23a–i was prepared analogously to
arabinonucleosides 17 by nucleophilic substitutions or by Pd-
catalyzed cross-coupling reactions (Scheme 4, Table 3). Again,

Table 4 Anti-HCV and anti-dengue activities of nucleosides

Compd

HCV (1B) HCV (2A) Dengue type 2

EC50 (μM) CC50 (μM) SI EC50 (μM) CC50 (μM) SI EC50 (μM) CC50 (μM) SI

9a 6.7 >44.4 >6.6 >44.4 33.1 0.75 10.8 12.7 1.2
9b 3.1 >44.4 >14.3 10.8 >44.4 >4.1 >50 >50 —
9c 1.6 22.9 14.3 6.9 20.2 2.9 >50 >50 —
9d 6.3 >44.4 >7.0 23.2 >44.4 >1.9 >50 >50 —
9e 4.6 >44.4 >9.7 14.7 34.6 2.4 10.5 39.0 3.7
9f 23.0 >44.4 >1.9 >44.4 >44.4 — >50 >50 —
9g 2.5 >44.4 >17.8 13.9 34.3 2.5 27.9 39.1 1.4
9h 4.1 26.5 6.5 16.2 30.3 1.9 33.3 >50 1.5
9i 5.2 >44.4 >8.5 15.7 34.4 2.2 >50 >50 —
16 13.7 32.5 2.4 17.4 21.4 1.2 17.4 40.9 2.4
17a 22.3 >44.4 >2.0 >44.4 >44.4 — >50 >50 —
17c 17.4 >44.4 >2.6 38.5 >44.4 >1.2 >50 >50 —
17d 18.5 40.2 2.2 >44.4 >44.4 — >50 >50 —
17e 3.0 >44.4 >14.8 24.0 >44.4 >1.9 >50 >50 —
22 4.7 9.1 1.9 9.5 10.3 1.1 >50 >50 —
23a 4.7 >44.4 >9.4 >44.4 >44.4 — >50 >50 —
23b 8.7 >44.4 >5.1 >44.4 >44.4 — >50 >50 —
23c 6.6 29.0 4.5 17.0 >44.4 >2.6 >50 >50 —
23d 5.2 >44.4 >8.5 16.1 >44.4 >2.8 >50 >50 —
23e 2.3 >44.4 >19.3 15.7 >44.4 >2.8 >50 >50 —
23f 5.2 >44.4 >8.5 21.8 >44.4 >2.0 >50 >50 —
23g 18.4 >44.4 >2.4 19.7 >44.4 >2.3 >50 >50 —
23h 25.1 >44.4 >1.8 >44.4 >44.4 — >50 >50 —
23i 8.2 >44.4 >5.4 20.3 >44.4 >2.2 >50 >50 —
Mericitabine 1.2 >44.4 >37 0.99 >44.4 >44 nt nt —

Fig. 2 Modelled overlay of diphosphates derived from nucleosides 9a, 17a, 23a and ADP in the co-crystal structure of the viral RNA-dependent
RNA polymerase HCV NS5B genotype 2A in complex with RNA template, primer, Mn2+, and ADP (PDB code 4WTJ, 2.2 Å resolution). a) Detail of
the tricyclic base overlayed with ADP; b) detail of ribose binding site, hydrogen bonds of 2′-OH showed as dashed lines and given in Å. Color code:
Cenzyme grey, CADP magenta, C9a-DP salmon, C17a-DP yellow, C

23a-DP cyan, CRNA green, O red, N blue, F pale cyan.
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the Suzuki reaction with 2-furylboronic acid gave low yield of
desired nucleoside 23e.

Biological activity profiling
Antiviral activity

All the title nucleosides were subjected to screening of their
antiviral activities against hepatitis C virus (HCV, genus:
Hepacivirus, family: Flaviridae), respiratory syncytial virus
(RSV, genus: Respirovirus, family: Paramyxoviridae), dengue
virus type 2 (strain 16681, genus: Flavivirus, family:
Flaviviridae), influenza (H1N1 A/Mexico/4108/2009, genus:
Influenzavirus A, family: Orthomyxoviridae), human coxsackie
B3 virus (strain Nancy, genus: Enterovirus, family:
Picornaviridae) and human herpesvirus 1 (strain HF, genus:
Simplexvirus, subfamily: Alphaherpesvirinae, family:
Herpesviridae). The anti-coxsackie, anti-herpes, anti-influenza
activity was measured by determining the extent to which the
test compounds inhibited virus-induced cytopathic effect in
HeLa cells, Vero cells, and MDCK cells, respectively, as previ-
ously described.18 None of the nucleosides showed any activ-
ity against influenza, coxsackie and human herpesvirus.

The anti-RSV activity was tested based on methods pub-
lished previously.19 All the title arabinonucleosides and
fluororibonucleosides were completely inactive against RSV.
Few fluoroarabino derivatives (9c, 9e, 9f, 9i) showed moder-
ate micromolar activity (13.2, 34.6, 25.2 and 11.3 μM, respec-
tively) against RSV. 2-Thienyl derivative 9g was the most ac-
tive compound with EC50 = 5.2 μM.

The anti-dengue activity was measured by determining the
extent to which the test compounds inhibited replication in

Vero cells as previously described.10 Fluoro-
arabinonucleosides 9a, 9e, 9g, 9h and arabino derivative 16
inhibited dengue virus with EC50 = 10–33 μM, however, their
selectivity index was rather low (Table 4).

Screening of anti-HCV activities was performed as previ-
ously described20 and activities compared to standard
Mericitabine.21 The series of arabinonuclesides 17, methoxy
and hetaryl derivatives was inactive, whilst amino, methyl-
sulfanyl and methyl derivatives showed moderate anti-HCV
effect (EC50 = 17–38 μM). On the other hand, fluoroarabino-
and fluororibonucleosides 9a–i and 23a–i were all active
against both 1B and 2A genotypes of HCV in replicon assay at
(mostly) single digit micromolar concentrations (Table 4)
and, more importantly, they were not cytotoxic (in contrast to
the previously reported corresponding ribonucleosides9,10).

We assume that, similarly to most antiviral nucleosides,1,2

the mechanism of antiviral activity is intracellular phosphory-
lation of the nucleosides to NTPs and inhibition of the viral
RNA polymerase. To elucidate whether the NTPs of our modi-
fied nucleosides would even fit into the active site of the poly-
merase, we performed a very simple docking and modelling
of selected nucleotides into the known crystal structure (PDB
code 4WTJ)22 of viral RNA-dependent RNA polymerase HCV
NS5B genotype 2A in complex with RNA template 5′-AUCC,
RNA primer 5′-PGG, Mn2+ and ADP, which binds to polymer-
ase in catalytically relevant conformation but stalls the
primer extension. The modelling was performed using pro-
gram Moloc and the all-atom MAB force field.23 We selected
disphosphates of three amino-substituted nucleosides 9a,
17a and 23a and we used the implemented MAB force field
to energy minimize them in the active site to mimic ADP in

Table 5 Cytostatic activities of nucleosides

Compd.

MTS, IC50 (μM)

BJ MRC-5 A549 CCRF-CEM CEM-DNR HCT116 HCT116p53−/− K562 K562-TAX U2OS

9a 37.0 43.9 41.4 15.1 32.6 30.4 30.4 27.5 37.2 25.8
9b 47.1 >50 >50 34.2 45.9 >50 >50 >50 47.2 >50
9c 21.3 22.6 46.8 11.6 18.7 >50 >50 17.6 27.4 29.0
9d 20.9 >50 >50 5.1 7.5 >50 44.9 44.2 12.4 29.2
9e 26.8 28.7 44.6 13.8 25.0 >50 >50 21.7 26.3 39.9
9f 46.2 49.6 >50 7.2 >50 49.9 49.9 >50 39.9 37.4
9g 32.0 27.0 >50 18.4 25.8 >50 >50 28.1 28.1 >50
9h 41.8 41.8 >50 21.1 27.6 >50 >50 33.0 28.9 >50
9i 27.0 30.9 >50 19.7 25.4 49.5 49.5 24.8 26.3 33.4
16 >50 49.0 32.6 5.1 25.1 34.0 28.5 44.6 17.7 27.4
17a >50 >50 >50 28.7 >50 >50 49.1 >50 >50 >50
17c >50 >50 >50 11.7 24.0 36.1 34.0 26.5 25.7 26.4
17d >50 >50 >50 16.1 37.2 >50 >50 >50 >50 >50
17e >50 >50 >50 27.1 36.6 >50 >50 >50 42.7 >50
17i >50 >50 >50 24.7 >50 >50 >50 >50 >50 >50
22 >50 >50 >50 3.2 36.3 44.6 46.6 >50 >50 32.3
23b >50 >50 >50 34.2 37.9 >50 >50 49.4 34.0 45.2
23c >50 >50 >50 22.1 24.1 >50 >50 25.6 26.1 27.2
23d >50 >50 >50 10.9 10.0 44.7 48.9 >50 9.5 >50
23e 39.6 >50 >50 16.7 27.5 48.5 48.5 30.7 27.2 37.8
23f >50 >50 >50 45.6 39.7 >50 >50 >50 >50 >50
23g >50 >50 >50 16.2 31.3 >50 41.6 34.7 28.1 35.2
23h >50 >50 >50 37.4 40.8 >50 >50 >50 >50 >50
Gemcitabine >50 >50 0.05 0.02 0.10 0.03 0.41 0.10 0.05 0.18
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the original crystal structure. For optimization, the protein
and RNA coordinates were kept fixed. The modelling clearly
showed that there is enough space to accommodate the fused
chlorobenzene ring in the nucleobase binding site and it
could have even increased cation–π stacking with Arg158
(Fig. 2a). Also the sugar moieties in all three derivatives could
adopt similar conformation as in ADP while the orientation
of 2′-substituent does not seem to have a significant influ-
ence on the binding as it can form hydrogen bonds with the
enzyme in ribo-configuration as well as in arabino-
configuration (Fig. 2b). The differences in antiviral activities
are probably mostly caused by the different efficiency of the
intracellular phosphorylation of the nucleosides.

Cytotostatic activity

The in vitro cytostatic activities of the title nucleosides were
also evaluated against eight cancer cell lines derived from hu-
man solid tumors including lung (A549) and colon (HCT116
and HCT116p53−/−) carcinomas and leukemia cell lines
(CCRF-CEM, CEM-DNR, K562 and K562-TAX). Toxicity was
evaluated using nonmalignant BJ and MRC-5 fibroblasts.
Concentrations inhibiting the cell growth by 50% (IC50) were
determined as described previously,11 using a quantitative
metabolic staining with 3-(4,5-dimethylthiazol-2yl)-5-(3-
carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium
(MTS)24 following a 3 day treatment. Results are summarized
in Table 5 (only compounds with IC50 <50 are shown) and
compared to Gemcitabine.25

Fluoroarabinonucleosides 9 showed only moderate (>10
μM) cytostatic activity and very poor selectivity against fibro-
blasts. On the other hand, fluororibonucleosides 23 showed
similar activity against CEM cell lines and are not toxic to fi-
broblasts. Arabinonucleosides 17 bearing methoxy and
hetaryl groups in position 4 are inactive against most of the
cell lines, they displayed only moderate effect against CEM
lines. The most cytotoxic compounds were chloro derivatives
16 and 23 with single digit micromolar activity against CCRF-
CEM. In general, most of the arabinonucleosides 17, fluoro-
arabinonucleosides 9 and fluororibonucleosides 23 are much
less cytotoxic than corresponding ribonucleosides.

Conclusions

We synthesized 3 sets of sugar modified pyrimidoindole nu-
cleosides – arabino-, fluororibo- and fluoroarabino nucleo-
sides bearing various substituents (amino, methoxy, methyl-
sulfanyl, methyl, 2- and 3-furyl, 2- and 3-thienyl and phenyl)
of the heterocyclic base 4-position. The synthesis started with
the preparation of key-intermediate 4,6-
dichloropyrimidoindole nucleosides, followed by the intro-
duction of the substituent in the last step either by aromatic
nucleophilic substitution or palladium catalyzed cross-
coupling reactions. In cytostatic activity screening, the sugar-
modified derivatives displayed only low activity (compared to
ribonucleosides). Some fluoroarabino nucleosides displayed
double-digit micromolar anti-dengue and anti-RSV activity.

The most interesting result came from anti-HCV screening,
where all fluoroarabino- and fluororibonucleosides showed
single-digit micromolar activity and no cytotoxicity at maxi-
mum tested concentration (44 μM). These compounds are
not only more potent than most of the corresponding ribonu-
cleosides,9,10 but they are also much more selective.

Abbreviations

TPPTS Triphenylphosphine-3,3′,3″-trisulfonic acid trisodium
salt

TDA-1 Tris[2-(2-methoxyethoxy)ethyl]amine
DAST (Diethylamino)sulfur trifluoride

Conflicts of interest

The authors declare no competing interests.

Acknowledgements

This work was supported by the Academy of Sciences of the
Czech Republic (RVO 61388963 and the Praemium Academiae
award to M. Hocek), by the Czech Science Foundation (16-
0011785), and by Gilead Sciences, Inc. The authors thank Dr.
Gina Bahador and Dr. Joy Feng (Gilead Sciences) for the anti-
HCV and anti-RSV screening.

References

1 (a) E. De Clercq, J. Clin. Virol., 2004, 30, 115–133; (b) E. De
Clercq and G. Li, Clin. Microbiol. Rev., 2016, 29, 695–747.

2 L. P. Jordheim, D. Durantel, F. Zoulim and C. Dumontet,
Nat. Rev. Drug Discovery, 2013, 12, 447–464.

3 U. Pradere, E. C. Garnier-Amblard, S. J. Coats, F. Amblard
and R. F. Schinazi, Chem. Rev., 2014, 114, 9154–9218.

4 M. J. Sofia, D. Bao, W. Chang, J. Du, D. Nagarathnam, S.
Rachakonda, P. G. Reddy, B. S. Ross, P. Wang, H.-R. Zhang,
S. Bansal, C. Espiritu, M. Keilman, A. M. Lam, H. M. M.
Steuer, C. Niu, M. J. Otto and P. A. Furman, J. Med. Chem.,
2010, 53, 7202–7218.

5 D. Siegel, H. C. Hui, E. Doerffler, M. O. Clarke, K. Chun, L.
Zhang, S. Neville, E. Carra, W. Lew, B. Ross, Q. Wang, L.
Wolfe, R. Jordan, V. Soloveva, J. Knox, J. Perry, M. Perron,
K. M. Stray, O. Barauskas, J. Y. Feng, Y. Xu, G. Lee, A. L.
Rheingold, A. S. Ray, R. Bannister, R. Strickley, S.
Swaminathan, W. A. Lee, S. Bavari, T. Cihlar, M. K. Lo, T. K.
Warren and R. L. Mackman, J. Med. Chem., 2017, 60,
1648–1661.

6 S. Bhakat, W. Karubiu, V. Jayaprakash and M. E. S. Soliman,
Eur. J. Med. Chem., 2014, 87, 677–702.

7 P. Nauš, R. Pohl, I. Votruba, P. Džubák, M. Hajdúch, R.
Ameral, G. Birkuš, T. Wang, A. S. Ray, R. Mackman, T.
Cihlar and M. Hocek, J. Med. Chem., 2010, 53, 460–470.

8 (a) A. Bourderioux, P. Nauš, P. Perlíková, R. Pohl, I. Pichová,
I. Votruba, P. Džubák, P. Konečný, M. Hajdúch, K. M. Stray,
T. Wang, A. S. Ray, J. Y. Feng, G. Birkus, T. Cihlar and M.
Hocek, J. Med. Chem., 2011, 54, 5498–5507; (b) P. Nauš, O.

MedChemComm Research Article

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
A

ug
us

t 2
01

7.
 D

ow
nl

oa
de

d 
on

 7
/2

1/
20

25
 6

:2
6:

52
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c7md00319f


1862 | Med. Chem. Commun., 2017, 8, 1856–1862 This journal is © The Royal Society of Chemistry 2017

Caletková, P. Konečný, P. Džubák, K. Bogdanová, M. Kolář, J.
Vrbková, L. Slavětínská, E. Tloušt'ová, P. Perlíková, M.
Hajdúch and M. Hocek, J. Med. Chem., 2014, 57, 1097–1110.

9 M. Tichý, R. Pohl, H. Y. Xu, Y.-L. Chen, F. Yokokawa, P.-Y.
Shi and M. Hocek, Bioorg. Med. Chem., 2012, 20, 6123–6133.

10 M. Tichý, R. Pohl, E. Tloušt'ová, J. Weber, G. Bahador, Y.-J.
Lee and M. Hocek, Bioorg. Med. Chem., 2013, 21, 5362–5372.

11 M. Tichý, S. Smoleń, E. Tloušt'ová, R. Pohl, T. Oždian, M.
Hejtmánková, B. Lišková, S. Gurská, P. Džubák, M. Hajdúch
and M. Hocek, J. Med. Chem., 2017, 60, 2411–2424.

12 (a) P. Nauš, P. Perlíková, A. Bourderioux, R. Pohl, L.
Slavětínská, I. Votruba, G. Bahador, G. Birkuš, T. Cihlář and
M. Hocek, Bioorg. Med. Chem., 2012, 20, 5202–5214; (b) P.
Nauš, P. Perlíková, R. Pohl and M. Hocek, Collect. Czech.
Chem. Commun., 2011, 76, 957–988; (c) P. Perlíková, L.
Eberlin, P. Ménová, V. Raindlová, L. Slavětínská, E.
Tloušťová, G. Bahador, Y.-J. Lee and M. Hocek,
ChemMedChem, 2013, 8, 832–846; (d) P. Perlíková, N. Jornet
Martínez, L. Slavětínská and M. Hocek, Tetrahedron,
2012, 68, 8300–8310.

13 K. R. Rai, B. L. Peterson, F. R. Appelbaum, J. Kolitz, L. Elias,
L. Shepherd, J. Hines, G. A. Threatte, R. A. Larson, B. D.
Cheson and C. A. Schiffer, N. Engl. J. Med., 2000, 343,
1750–1757.

14 P. L. Bonate, L. Arthaud, W. R. Cantrell, K. Stephenson, J. A.
Secrist and S. Weitman, Nat. Rev. Drug Discovery, 2006, 5,
855–863.

15 W. B. Parker, S. C. Shaddix, L. M. Rose, D. S. Shewach, L. W.
Hertel, J. A. Secrist III, J. A. Montgomery and L. L. Bennett
Jr., Mol. Pharmacol., 1999, 55, 515–520.

16 C. H. Tann, P. R. Brodfuehrer, S. P. Brundidge, C. Sapino Jr.
and H. G. Howell, J. Org. Chem., 1985, 50, 3644–3647.

17 Y. A. Kim, A. Sharon, C. K. Chu, R. H. Rais, O. N. Al
Safarjalani, F. N. M. Naguib and M. H. el Kouni, J. Med.
Chem., 2008, 51, 3934–3945.

18 I. Mejdrová, D. Chalupská, M. Kögler, M. Šála, P. Plačková,
A. Baumlová, H. Hřebabecký, E. Procházková, M. Dejmek, R.
Guillon, D. Strunin, J. Weber, G. Lee, G. Birkus, H.
Mertlíková-Kaiserová, E. Boura and R. Nencka, J. Med.
Chem., 2015, 58, 3767–3793.

19 M. Perron, K. Stray, A. Kinkade, D. Theodore, G. Lee, E.
Eisenberg, M. Sangi, B. E. Gilbert, R. Jordan, P. A. Piedra,
G. L. Toms, R. Mackman and T. Cihlar, Antimicrob. Agents
Chemother., 2016, 60, 1264–1273.

20 H. Yang, M. Robinson, A. C. Corsa, B. Peng, G. Cheng, Y.
Tian, Y. Wang, R. Pakdaman, M. Shen, X. Qi, H. Mo, C. Tay,
S. Krawczyk, X. C. Sheng, C. U. Kim, C. Yang and W. E.
Delaney, Antimicrob. Agents Chemother., 2014, 58, 647–653.

21 (a) X. Tong, S. Le Pogam, L. Li, K. Haines, K. Piso, V.
Baronas, J.-M. Yan, S.-S. So, K. Klumpp and I. Nájera,
J. Infect. Dis., 2014, 209, 668–675; (b) S. Le Pogam, J. M. Yan,
M. Chhabra, M. Ilnicka, H. Kang, A. Kosaka, S. Ali, D. J.
Chin, N. S. Shulman, P. Smith, K. Klumpp and I. Nájera,
Antimicrob. Agents Chemother., 2012, 56, 5494–5502.

22 T. C. Appleby, J. K. Perry, E. Murakami, O. Barauskas, J.
Feng, A. Cho, D. Fox, D. R. Wetmore, M. E. McGrath, A. S.
Ray, M. J. Sofia, S. Swaminathan and T. E. Edwards, Science,
2015, 347, 771–775.

23 P. R. Gerber and K. J. Müller, J. Comput.-Aided Mol. Des.,
1995, 9, 251–268.

24 T. L. Riss, R. A. Moravec, A. L. Niles, S. Duellman, H. A.
Benink, T. J. Worzella and L. Minor, Cell Viability Assays.
2013 May 1 [Updated 2016 Jul 1]. in: Assay Guidance Manual
[Online], ed. G. S. Sittampalam, N. P. Coussens and H.
Nelson, et al., Eli Lilly & Company and the National Center
for Advancing Translational Sciences, Bethesda, MD, 2004.
https://www.ncbi.nlm.nih.gov/books/NBK144065/ (accessed
10/12, 2016).

25 M. J. Moore, I. F. Tannock, D. S. Ernst, S. Huan and N.
Murray, J. Clin. Oncol., 1997, 15, 3441–3445.

MedChemCommResearch Article

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 2

5 
A

ug
us

t 2
01

7.
 D

ow
nl

oa
de

d 
on

 7
/2

1/
20

25
 6

:2
6:

52
 A

M
. 

 T
hi

s 
ar

tic
le

 is
 li

ce
ns

ed
 u

nd
er

 a
 C

re
at

iv
e 

C
om

m
on

s 
A

ttr
ib

ut
io

n 
3.

0 
U

np
or

te
d 

L
ic

en
ce

.
View Article Online

https://www.ncbi.nlm.nih.gov/books/NBK144065/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/c7md00319f

	crossmark: 


