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Synthesis of acyclic analogues of adenosine
sulfonamides and their activity against RNA cap
guanine N7-methyltransferase of SARS-CoV-2†

Rostom Ahmed-Belkacem,‡a Adrien Delpal,‡b Bruno Canard,b

Jean-Jacques Vasseur, a Etienne Decroly *b and Françoise Debart *a

N-Arylsulfonamide-based adenosine analogues were previously

shown to be potent inhibitors of SARS-CoV-2 RNA cap guanine

N7-methyltransferase nsp14. Here, we synthesized three series of

N-arylsulfonamide acyclic analogues of adenosine as bisubstrates

of nsp14. Most of these acyclic compounds were barely active at

50 lM against this cap N7-methyltransferase.

The RNA cap guanine N7-methyltransferase (MTase) of SARS-
CoV-2 has been validated as an antiviral target as mutations in
the N7-MTase catalytic site have been shown to impair SARS-
CoV replication.1 Indeed, reverse genetics experiments identi-
fied two amino acid substitutions abrogating virus viability and
a mutation producing a crippled phenotype in several betacor-
onaviruses. N7-MTase is thus a critical enzyme for betacorona-
virus replication. The CoV N7-MTase nsp14 is the first enzyme
involved in the enzymatic cascade of viral RNA cap methyla-
tions and is responsible for N7-methylation of the cap guano-
sine, which is essential for viral RNA translation into proteins.
The N7-methylation of the cap structure is followed by its
20-O-methylation of the first RNA transcribed nucleotide by
the nsp10/nsp16 complex.2,3

In recent years, we and other groups have followed a rational
drug design approach to synthesize competitive inhibitors and
have identified a number of potent nanomolar N7-MTase nsp14
inhibitors that mimic SAM/SAH derivatives.4–11 Some SAR data
supported by molecular docking led to the elucidation of a
bisubstrate-based mechanism of action and was used to opti-
mize the design of bisubstrate inhibitors.7,9,10 These inhibitors

were designed as compounds that occupy both the methyl
donor (S-adenosylmethionine, SAM) binding pocket and the
RNA cap binding pocket of the SARS-CoV-2 N7-MTase. In our
previous work and that of Chen and Nencka’s groups,7,9,10 the
most efficient bisubstrate inhibitors were composed of an N-
arylsulfonamide core, a pharmacophore found in many biolo-
gically active compounds, and occupying the RNA cap binding
site, attached to the 50 position of an adenosine or a derivative,
mimicking that of SAM (Fig. 1). The N-arylsulfonamide core has
been shown to account for much of the compound’s high
affinity for SARS-CoV-2 nsp14, resulting in potent inhibition.

In this study, we designed molecules with the essential N-
arylsulfonamide core, and the sugar scaffold has been removed,
leading to acyclic nucleosides. The glycosidic linkage (cleavable
by purine nucleoside phosphorylases) of our previous
adenosine-derived inhibitors is replaced by an acyclic alkyl
chain that could stabilize the compounds against metabolic
degradation (Fig. 1). Moreover, the abstraction of 20- and 30-
hydroxyls could improve the lipophilicity of these analogues.
Similar replacement of the ribose moiety has already been used
many years ago in antiviral research.12–14 One of the most
medically important acyclic nucleosides is acyclovir, an acyclic
guanosine mimic with high activity and specificity against
HSV-1 and HSV-2.15 It has been shown that the flexibility of
the acyclic alkyl chain can optimize interactions with the target
enzyme binding sites. Adefovir and tenofovir are two other well-
known phosphonate carrying acyclic nucleosides. These two ade-
nosine mimetics have been reported as potent antiviral drugs
against HIV and HBV.16,17 In addition, numerous examples on
the synthesis and activity of nucleoside analogues with acyclic
sugar mimic as antiviral or anticancer agents have been widely
reported.18–26 In this work, we propose the possibility of preventing
the N7 methylation of SARS-CoV-2 RNA cap structure thereby
limiting the viral RNA translation into protein through the inhibi-
tory action of acyclic nucleosides on the N7- MTase nsp14. Thus, we
synthesized three series of novel acyclic analogues of adenosine
sulfonamides containing a butyl chain (1–9), an N-ethyloxymethyl
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University of Aix-Marseille, CNRS, Marseille, France.

E-mail: Etienne.decroly@univ-amu.fr

† Electronic supplementary information (ESI) available: Molecular docking; gen-
eral and detailed synthetic procedures, and spectral characterization data for
synthesized compounds. See DOI: https://doi.org/10.1039/d4nj02481h

‡ These two first authors contributed equally to this work.

Received 29th May 2024,
Accepted 1st October 2024

DOI: 10.1039/d4nj02481h

rsc.li/njc

NJC

COMMUNICATION

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 0

1 
ok

to
ob

er
 2

02
4.

 D
ow

nl
oa

de
d 

on
 3

1.
07

.2
02

5 
21

:4
7:

26
. 

 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-
N

on
C

om
m

er
ci

al
 3

.0
 U

np
or

te
d 

L
ic

en
ce

.

View Article Online
View Journal  | View Issue

https://orcid.org/0000-0002-4379-6139
https://orcid.org/0000-0002-6046-024X
https://orcid.org/0000-0003-3422-3926
http://crossmark.crossref.org/dialog/?doi=10.1039/d4nj02481h&domain=pdf&date_stamp=2024-10-05
https://doi.org/10.1039/d4nj02481h
https://rsc.li/njc
http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d4nj02481h
https://pubs.rsc.org/en/journals/journal/NJ
https://pubs.rsc.org/en/journals/journal/NJ?issueid=NJ048041


This journal is © The Royal Society of Chemistry and the Centre National de la Recherche Scientifique 2024 New J. Chem., 2024, 48, 17692–17695 |  17693

chain (10–17) or a 1,2,3-triazolylethyloxymethyl linker between the
N-arylsulfonamide core and adenine (18–19).

Molecular docking of compound 1 showed a suitable overlay
with SAH in SARS-CoV-2 nsp14 (PDB ID: 7R2V, resolution 2.53
Å, data not shown) (Scheme 1). As we had shown the relevance
of the p-OMe substituent in combination with m-NO2 on the N-
ethyl-N-arylsulfonamide ring,6 compound 15 was docked into
nsp14 and the overlay of its adenosine moiety with the SAH
present in the SARS-CoV-2 nsp14 structure was confirmed
(ESI†). It is noteworthy that even in the absence of the ribose,
the acyclic nucleoside adopts a conformation that preserves
hydrogen interactions with Arg310 and Asn386. In addition, the
p–p stacking interaction previously reported between the phe-
nylsulfonamide core and the Phe426 is retained. However, this
occurred as a ‘‘parallel displaced’’ rather than a ‘‘face-to-face’’
interaction observed with the previous nucleoside inhibitors.6,9

Finally, the p-substituents (OMe, Me, F, Cl, Br) always fit
correctly into the hydrophobic pocket formed by Phe506,
Phe401 and Tyr420. Overall, these findings supported the
synthesis and evaluation of these novel acyclic nucleosides.

The first target molecules were acyclic nucleosides 1–9, which
contain a 4-carbon chain between the N9-adenine and the

sulfonamide function, instead of ribose. The synthesis started with
an alkylation step on adenine to introduce the butyl chain. Adenine
was deprotonated by potassium carbonate in DMF and alkylated
with N-(4-bromobutyl)phthalimide to give an intermediate N-
protected acyclic nucleoside (Scheme 1). A further hydrazine treat-
ment afforded compound 20 with 60% yield27 and the resulting
primary amine was reacted with various commercially available
arylsulfonyl chlorides to give the N-arylsulfonamide-containing
acyclic nucleosides 1–9.28

Next, we designed acyclic adenosine analogues 10–17, in
which the sugar was replaced by an aliphatic ethyloxymethyl
linker decorated with various arylsulfonamides that mimic the
cap guanosine. These compounds were prepared in 5 steps
from adenine (Scheme 2). After protection of the N6-amino
function of adenine with a benzoyl group,29 the alkylation of
N6-benzoyl adenine 21 was performed using 1,3-dioxolane and
acetic anhydride, affording intermediate 22 in 55% yield.24 The
acetyl group at the extremity of the ethyloxymethyl chain and
the N-benzoyl group were then cleaved in basic medium and
the resulting hydroxyl in 23 was converted to primary amine
using Mitsunobu conditions, giving 24 in quantitative yield.30

The free amine of 24 was finally reacted with various

Fig. 1 Examples of previous N-arylsulfonamide-based adenosine analogues showing low nanomolar inhibitory activity against SARS-CoV-2
N7-methyltransferase nsp14 (left panel).6,7,9,10 Chemical structures of the target molecules as acyclic analogues of adenosine sulfonamides 1–19 (right panel).

Scheme 1 Synthesis of acyclic adenosine analogues 1–9. Reagents and conditions: (a) (i) N-(4-bromobutyl)phthalimide, K2CO3, DMF, 70 1C, 18 h;
(ii) hydrazine hydrate (50–60%), EtOH, 65 1C, 2 h, 60%.27 (b) Arylsulfonyl chloride, Et3N, DMF, 3 h, 34–81%.
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arylsulfonyl chlorides to provide eight N-arylsulfonamide-
containing acyclic nucleosides 10–17.

Acyclic nucleosides 18 and 19 containing a 1,2,3-triazole ring
were the last target compounds to be synthesized from 23 and
N-propargyl-N-arylsulfonamide reagents previously prepared in-
house (Scheme 3).11 First, an azide group was introduced using
diphenyl phosphoryl azide (DPPA) in 1,4-dioxane reacting with
23 to give 26 with 74% yield. Then, a copper-catalyzed azide–
alkyne cycloaddition in the presence of CuSO4 and sodium
ascorbate afforded acyclic nucleoside analogues 18 and 19 in
74% yield and 69% yield, respectiveley.31

All synthesized compounds 1–19 were screened for inhibi-
tory activity of SARS-CoV-2 N7-MTase nsp14 using a radioactive
MTase assay. Briefly, the nsp14 protein was incubated together
with 1–19 at 5 mM and 50 mM concentrations and the [3H]-
radiolabeled methyl transferred from the SAM methyl donor
onto the cap structure of a short synthetic RNA substrate
(GpppAC4) was measured by a filter binding assay.32 All acyclic
nucleoside analogues show no inhibitory activity at 5 mM
concentration, and most of them are barely active at 50 mM
against the N7-MTase nsp14, as enzyme activity remains above
50% at this concentration. Replacement of the ribose between
the adenine nucleobase and the N-arylsulfonamide moieties
is clearly detrimental for the inhibitory activity of these
acyclic analogues, mimics of our previous nsp14 inhibitors
(0.146 mM o IC50 o 14.1 mM).6 However, two acyclic com-
pounds 1 and 4 with a butyl chain display a modest inhibitory

effect at 50 mM on N7- MTase (N7-MTase activity o 35%).
Overall, the butyl chain seems to be less detrimental than
ethyloxymethyl or triazole-containing linkers for the inhibitory
activity of these acyclic adenosine sulfonamides against SARS-
CoV-2 N7-MTase nsp14. The lack of activity could be explained
by the high flexibility of the alkyl chain, which might prevent
the simultaneous binding of adenine in the SAM binding
pocket and the arylsulfonamide ring in the cap binding pocket
observed when ribose is present in the nucleoside inhibitors.6,9

Conclusions

We have successfully prepared three series of acyclic nucleoside
sulfonamides as analogues of N-arylsulfonamide-based adeno-
sines, which had been found to be potent inhibitors of SARS-
CoV-2 RNA cap N7-methyltransferase nsp14. Replacement of
the ribose moiety by a butyl, ethyloxymethyl or triazolylethyloxy-
methyl linker impaired the inhibitory activity of these acyclic
compounds. However, these results are valuable for SAR and
will be useful for further design of nsp14 inhibitor bisubstrates.
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Scheme 2 Synthesis of acyclic adenosine analogues 10–17. Reagents and conditions: (a) BzCl, pyridine, 100 1C, 3 h then 25 1C, 18 h, 62%. (b) 1,3-
dioxolane, acetic anhydride, TMSOTf, MeCN, 25 1C, 15 min, 55%. (c) NH4OH/MeOH 3/1 (v:v), 25 1C, 18 h, quant. (d) (i) Phtalimide, DIAD, PPh3, THF, 25 1C,
2.5 h; (ii) hydrazine hydrate (50–60%), EtOH, 65 1C, 2 h, quant. (e) Arylsulfonyl chloride, Et3N, DMF, 3 h, 61–74%. (f) Ethyl p-toluenesulfonate, KI, K2CO3,
DMF, 50 1C, 16 h, 47–54%.

Scheme 3 Synthesis of acyclic adenosine analogues 18–19. Reagents and conditions: (a) (i) DPPA, DBU, 1,4-dioxane, 25 1C, 16 h; (ii) NaN3, 15-C-5,
100 1C, 4 h, 74%. (b) N-arylsulfonamide-N-propargyl reagents,11 CuSO4, sodium ascorbate, H2O/dioxane, 0 1C, 3 h, 74% (for p-Cl), 69% (for p-CF3).
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M. Hocek, Eur. J. Org. Chem., 2019, 5409–5423.

24 J. Frydrych, L. Poštová Slavětı́nská, M. Dračı́nský and
Z. Janeba, Molecules, 2020, 25, 4307.

25 J. E. Thames, C. D. Waters, C. Valle, M. Bassetto, W. Aouadi,
B. Martin, B. Selisko, A. Falat, B. Coutard, A. Brancale, B. Canard,
E. Decroly and K. L. Seley-Radtke, Bioorg. Med. Chem., 2020,
28, 115713.

26 E.-J. Hao, G.-X. Li, Y.-R. Liang, M.-S. Xie, D.-C. Wang,
X.-H. Jiang, J.-Y. Cheng, Z.-X. Shi, Y. Wang and H.-M. Guo,
J. Med. Chem., 2021, 64, 2077–2109.

27 K. J. Lee, W. Tieu, B. Blanco-Rodriguez, A. S. Paparella, J. Yu,
A. Hayes, J. Feng, A. C. Marshall, B. Noll, R. Milne, D. Cini,
M. C. J. Wilce, G. W. Booker, J. B. Bruning, S. W. Polyak and
A. D. Abell, ACS Chem. Biol., 2019, 14, 1990–1997.

28 G. Zhen, G. Zeng, K. Jiang, F. Wang, X. Cao and B. Yin,
Chem. – Eur. J., 2023, 29, e202203217.

29 C. F. Liu, Y. Zeng and X. Lu, Singapore Pat., WO2010027326A1,
2008.

30 A. Granzhan, E. Largy, N. Saettel and M. P. Teulade-Fichou,
Chem. – Eur. J., 2010, 16, 878–889.

31 D. Coelho, L. Le Corre, K. Bartosik, L. Iannazzo, E.
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