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N-acylsulfonamides possess an additional carbonyl function 

compared to their sulfonamide analogues. Due to their unique 

physico-chemical properties, interest in molecules containing the 

N-acylsulfonamide moiety and especially nucleoside derivatives is 

growing in the field of medicinal chemistry. The recent renewal of 

interest in antiviral drugs derived from nucleosides containing a 

sulfonamide function has led us to evaluate the therapeutic 

potential of N-acylsulfonamide analogues. While these 

compounds are usually obtained by a difficult acylation of 

sulfonamides, we report here the easy and efficient synthesis of 

20 4’-(N-acylsulfonamide) adenosine derivatives via the sulfo-click 

reaction. The target compounds were obtained from thioacid and 

sulfonyl azide synthons in excellent yields and were evaluated as 

potential inhibitors of the SARS-CoV-2 RNA cap N7-guanine- 

methyltransferase nsp14. 

The N-acylsulfonamide moiety appears in an increasing 

number of pharmaceutical compounds for a wide range of 

therapeutic applications.
1-6

 Characterized by an additional 

carbonyl group that could increase binding interactions 

compared to its sulfonamide parent, the N-acylsulfonamide 

group has also been used as a surrogate for carboxylic acids 

and phosphates.
7-9

 The particular physico-chemical properties 

of the N-acylsulfonamide functionality are evidenced by the 

significant presence of this moiety in a wide variety of enzyme 

inhibitors such as methionyl-tRNA synthetase (MetRS),
10

 

asparagine synthetase (AS),
11, 12

 anthranilyl-CoA synthetase,
13

 

pantothenate synthetase
14

 or carbonic anhydrases (Fig. 1A).
15, 

16
 Interestingly, several potent antiviral agents carrying an N-

acylsulfonamide group and targeting the NS3 or NS3-4A 

protease of hepatitis C virus have also been described.
17-19

 

 Recently, our group reported the synthesis of 5’-N-

sulfonamide adenosine derivatives that showed significant 

inhibition of SARS-CoV-2 (N7-guanine)-methyltransferase (N7-

MTase) nsp14 by acting as a competitor of S-adenosyl-L-

methionine (SAM), the methyl donor in the N7-cap RNA 

methylation.
20

 Interestingly, out of 39 synthesized compounds, 

20 diversely substituted arylsulfonamide adenosines were 

shown to inhibit the enzyme nsp14 in the submicromolar 

range (Fig. 1B). Closely related nsp14 inhibitors derived from 

naphtalene and benzopyridine 5’-N-sulfonamide adenosines 

were also recently described.
21

  

 Considering the various benefits of the N-acylsulfonamide 

moiety, here we investigated how replacing the sulfonamide 

by an N-acylsulfonamide would modulate the biological 

properties of these inhibitors. Traditionally, N-acylsulfonamide 

derivatives are synthesized by direct acylation of the 

corresponding sulfonamide. Numerous methods have been 

developed over the years to increase the low efficiency of the 

reaction that is consequent to the limited reactivity of the 

sulfonamide.
22-28

 Although improvements have been achieved, 

their specific application to nucleoside derivatives proved to 

be inefficient as demonstrated by the work of Widlanski and 

co-workers.
29

 Therefore, they developed an alternative 

method starting from 5’-carboxylic acid N
6
-Bz protected 

adenosine that was condensed with sulfonamides using DCC / 

DMAP as coupling reagents (Fig. 1C).
29

 Moderate to good 

yields were obtained under anhydrous conditions with 

extended reaction time (2-4 days). Alternatively, Ito’s group 

used arylsulfonyl isocyanates in the presence of an organic 

base under anhydrous conditions (Fig. 1C).
30
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Fig. 1 A Examples of bioactive compounds comprising an N-acylsulfonamide moiety. B Sulfonamide inhibitors of SARS-CoV-2 N7-MTase nsp14 previously 
reported.20 C Previous approaches for the synthesis of 4’-(N-acylsulfonamide) adenosine derivatives.29, 30 D This work describing an easy and efficient access 
to the target compounds via the sulfo-click reaction.   

 In this context, we have recently exploited the sulfo-click 

reaction between 4’-thioacid nucleosides and various sulfonyl 

azides for preparing 5’-bioconjugated nucleosides.
31, 32

 The 

reaction that leads to the formation of an N-acylsulfonamide in 

aqueous media was found to be efficient, rapid and 

biocompatible under catalyst-free conditions. Given the 

simplicity with which this method allows access to N-

acylsulfonamides, we describe here the synthesis and 

biological evaluation of 20 original 4’-(N-acylsulfonamide) 

adenosine derivatives. These compounds were obtained with 

quantitative conversions in 10 min and excellent isolated yields 

using NaHCO3 as the only additional reagent (Fig. 1D).  

 Foremost, the syntheses of sulfonyl azides 2a-e were 

performed in a single step starting from commercially available 

sulfonyl chlorides 1a-e.
33

 The latter were reacted with sodium 

azide in MeCN at 60°C for 16 h to ensure complete conversion 

(Scheme 1). After a work-up to eliminate the salts present in 

the crude mixture, the isolated sulfonyl azides were 

sufficiently pure to be used without further purification. 

Compound 2f was synthesized by deprotection of 

commercially available 4-acetamidobenzenesulfonyl azide in 

concentrated aq. HCl.
34

 While only T, C, G and U derivatives 

were described in our earlier study, we successfully prepared 

the corresponding 4′-thioacid adenosine derivatives 6a,b in 3 

steps with good yields.
31

 Specifically, the N
6
-Bz-5′-OH 

nucleosides 3a,b were oxidized to the carboxylic acids 4a,b  

 

 

Scheme 1. Synthesis of sulfonyl azide derivatives 2a-e.  Compound 2f was 
obtained following a previously described procedure.34 

using 2,2,6,6-tetramethylpiperidine-1-oxyl (TEMPO) in the 

presence of Bis(acetoxy)iodobenzene (BAIB) as a co-oxidant.
35

 

Then, the thioesters 5a,b were synthesized via a coupling 

reaction with 9-fluorenylmethylthiol. The 4′-thioacid 

adenosine derivatives 6a,b were obtained after treatment with 

TBAF in THF, leading to the desired compounds as 

tetrabutylammonium (TBA) thiocarboxylate salts. The sulfonyl 

azides 2a-f and the 4′-thioacid adenosines 6a,b were then 

engaged in sulfo-click reactions under aqueous conditions [100 

mM thioacid nucleoside in a 34:66 H2O/NMP mixture with the  
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Scheme 2. Synthesis of thioacid adenosine derivatives 6a,b  

addition of NaHCO3] to yield N-acylsulfonamide derivatives 7a-

d and 8a-g (Scheme 3). In this work, both electron-enriched 

and electron-deficient aryl sulfonyl azides were used. 

Remarkably, all reactions were complete in less than 10 

minutes as confirmed by RP-HPLC analyses. In a final step, the 

benzoyl protective group was quantitatively removed by 

treatment with aq. NH3, leading to unprotected adenosine 

derivatives 9a-c and 10a-f (Scheme 3). The total conversion 

observed during both the sulfo-click reaction and the final 

deprotection led to high isolated yields demonstrating the 

efficiency of the implemented synthetic method and its 

advantages over previously reported methodologies.
29, 30

 

These compounds were subsequently evaluated at 5 µM for 

their ability to inhibit the SARS-CoV-2 N7-MTase nsp14, which 

is responsible for methylation of the RNA cap structure (Table 

1). In addition, we aimed to determine the influence of the 

presence of a benzoyl protecting group on adenine and the 

importance of the ribose 2’-OH. We used a radioactive MTase 

assay (filter binding assay)
36

 to assess the inhibition of purified 

SARS-CoV-2 nsp14 N7-MTase
20

 by each derivative. Sinefugin 

was used as positive control for its well-known ability to inhibit 

MTases.
37

 The inhibition data were not up to our expectations, 

with only 6 compounds (7c, 7d, 8a, 9c, 10a and 10b) displaying 

moderate inhibitory activity at 5 µM (11-40%). However, some 

structural information can be deduced. Compared to their 

sulfonamide counterparts that showed IC50 < 0.5 M,
20

 the 

double-substituted 

 

Scheme 3 Scope of the 20 adenosine derivatives synthesized. aIsolated yields over two steps. 
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Table 1 Screening for inhibitory activity of sinefungin and compounds 7a-d, 8a-g, 9a-c and 10a-f at 5 µM on SARS-CoV-2 N7-

MTase nsp14 

Compounds 
Percentage of inhibition of  

SARS-CoV-2 nsp14  
Compounds 

Percentage of inhibition of  

SARS-CoV-2 nsp14  

Sinefungin 99 8g n.i. 

7a n.i. 9a n.i. 

7b 7 9b 6 

7c 11 9c 14 

7d 39 10a 17 

8a 40 10b 14 

8b n.i. 10c n.i. 

8c n.i. 10d n.i. 

8d 7 10e n.i. 

8e n.i. 10f n.i. 

8f n.i.   

a
Values are the mean of three independent experiments. The MTase activity was measured using a filter binding assay. Assays 

were carried out in reaction mixture [40 mM Tris-HCl (pH 8.0), 1 mM DTT, 1 mM MgCl2, 2mM SAM and 0.1 mM 
3
H-SAM] in the 

presence of 0.7 mM GpppAC4 synthetic RNA and incubated at 30°C with SARS-CoV-2 nsp14 (50 nM). Compounds were previously 
dissolved in 100% DMSO at 10 mM. n.i.: no inhibition detected. 

derivatives 8e, 8f, 8g, 10d, 10e and 10f featuring 3-nitro-4-

methyl, 3-chloro-4-chloro and 3-chloro-4-methyl substituents 

on the phenyl ring, respectively had no impact on nsp14 

inhibition activity, regardless of whether the base was 

protected or not. These results suggest that the presence of 

the additional carbonyl on compounds bearing two 

substituents on the phenyl ring may prevent the molecule 

from inserting into the MTase active site by steric hindrance. 

Regarding the compounds with only one substituent at the 

para position of the phenyl ring, no clear trend emerges from 

the observed results. Indeed, in the 2'-deoxy-adenosine and 

adenosine series and whether the base was protected or not, 

only modest inhibitory activities were observed, 8a exhibiting 

the best activity (40%). Compared to 7a, this result highlights 

the importance of the 2'-OH function due to the H-bonds 

established with the Asp352 of the MTase as previously 

reported.
38

 Concerning the unprotected derivatives only 

modest activities were achieved with compounds 10a (17%) 

and 10b (14%) without being able to establish a true structure-

activity relationship among this series. Overall, the presence of 

an additional carbonyl function did not increase the 

interactions between the substrates described in this work and 

the surrounding amino-acids accessible within the active site 

of the MTase. Low inhibition activities were observed overall, 

probably due to unfavorable steric hindrances. Studies 

concerning the role of the 2’OH and the benzoyl protective 

group led to contradictory interpretations.  

 In summary, we applied the sulfo-click reaction to 4’-

thioacid adenosine with various aromatic sulfonyl azides. The 

implemented protocol allowed total conversion of the 

reactants and high isolated yields within 10 min in aqueous 

conditions using NaHCO3 as the only additive which represents 

a major improvement over the methods described so far. 20 

N-acylsulfonamide derivatives were obtained and evaluated as 

potential inhibitors of the SARS-CoV-2 N7-MTase nsp14. 

Beyond the unsatisfactory results obtained for the inhibition of 

nsp14, the methodology developed in this work allows the 

efficient synthesis of 4’-(N-acylsulfonamide) nucleosides that 

disclose new opportunities for the synthesis of potentially 

bioactive compounds. 

Conflicts of interest 

There are no conflicts to declare. 

Acknowledgements 

The authors thank the Agence Nationale de la Recherche (ANR 

“TALAN”-ANR-19-CE07-0004-01) and the European Union’s 

Horizon 2020 Research and Innovation program under grants 

no. 101003627 (the SCORE project) and no. 101005077 (the 

CARE project) (E.D., A.D) for financial support. The GAVO 

consortium is gratefully acknowledged.  

Notes and references 

 

1. M. Asada, T. Obitsu, A. Kinoshita, Y. Nakai, T. Nagase, I. 

Sugimoto, M. Tanaka, H. Takizawa, K. Yoshikawa, K. Sato, M. 

Narita, S. Ohuchida, H. Nakai and M. Toda, Bioorg. Med. Chem. 

Lett., 2010, 20, 2639-2643. 

2. A. Ammazzalorso, B. De Filippis, L. Giampietro and R. 

Amoroso, Chem. Biol. Drug. Des., 2017, 90, 1094-1105. 

3. B. S. Safina, S. J. McKerrall, S. Sun, C. A. Chen, S. 

Chowdhury, Q. Jia, J. Li, A. Y. Zenova, J. C. Andrez, G. Bankar, P. 

Bergeron, J. H. Chang, E. Chang, J. Chen, R. Dean, S. M. Decker, 

A. DiPasquale, T. Focken, I. Hemeon, K. Khakh, A. Kim, R. Kwan, 

A. Lindgren, S. Lin, J. Maher, J. Mezeyova, D. Misner, K. 

Nelkenbrecher, J. Pang, R. Reese, S. D. Shields, L. Sojo, T. 

Sheng, H. Verschoof, M. Waldbrook, M. S. Wilson, Z. Xie, C. 

Young, T. S. Zabka, D. H. Hackos, D. F. Ortwine, A. D. White, J. 

P. Johnson, Jr., C. L. Robinette, C. M. Dehnhardt, C. J. Cohen 

and D. P. Sutherlin, J. Med. Chem., 2021, 64, 2953-2966. 

4. B. Wang, W. Feng, J. Wang, Y. Dong, Y. Liu, Y. Yao, J. Zhang, 

W. Shi, L. Liu, H. Zhang, X. He, X. Chang, X. Wang, H. Xu, F. Liu 

and J. Feng, Bioorg. Med. Chem., 2021, 47, 116350. 



Journal Name  COMMUNICATION 

This journal is © The Royal Society of Chemistry 20xx J. Name., 2013, 00, 1-3 | 5  

Please do not adjust margins 

Please do not adjust margins 

5. C. Chen, Y. Luo, H. Yin, Q. Zhong, S. Zheng, R. Liu, C. Zhao, 

G. Wang and L. He, Bioorg. Med. Chem., 2022, 60, 116626. 

6. S. Sun, Q. Jia, A. Y. Zenova, M. S. Wilson, S. Chowdhury, T. 

Focken, J. Li, S. Decker, M. E. Grimwood, J. C. Andrez, I. 

Hemeon, T. Sheng, C. A. Chen, A. White, D. H. Hackos, L. Deng, 

G. Bankar, K. Khakh, E. Chang, R. Kwan, S. Lin, K. 

Nelkenbrecher, B. D. Sellers, A. G. DiPasquale, J. Chang, J. 

Pang, L. Sojo, A. Lindgren, M. Waldbrook, Z. Xie, C. Young, J. P. 

Johnson, C. L. Robinette, C. J. Cohen, B. S. Safina, D. P. 

Sutherlin, D. F. Ortwine and C. M. Dehnhardt, J. Med. Chem., 

2019, 62, 908-927. 

7. R. Ronn, Y. A. Sabnis, T. Gossas, E. Akerblom, U. H. 

Danielson, A. Hallberg and A. Johansson, Bioorg. Med. Chem., 

2006, 14, 544-559. 

8. S. R. Borhade, R. Svensson, P. Brandt, P. Artursson, P. I. 

Arvidsson and A. Sandstrom, Chemmedchem, 2015, 10, 455-

460. 

9. C. Ballatore, D. M. Huryn and A. B. Smith III, 

Chemmedchem, 2013, 8, 385-395. 

10. R. M. Ranade, Z. Zhang, J. R. Gillespie, S. Shibata, C. L. 

Verlinde, W. G. Hol, E. Fan and F. S. Buckner, Antimicrob. 

Agents Chemother., 2015, 59, 7128-7131. 

11. L. Koroniak, M. Ciustea, J. A. Gutierrez and N. G. J. Richards, 

Org. Lett., 2003, 5, 2033-2036. 

12. H. Ikeuchi, Y. M. Ahn, T. Otokawa, B. Watanabe, L. Hegazy, 

J. Hiratake and N. G. Richards, Bioorg. Med. Chem., 2012, 20, 

5915-5927. 

13. C. Ji, I. Sharma, D. Pratihar, L. L. Hudson, D. Maura, T. 

Guney, L. G. Rahme, E. C. Pesci, J. P. Coleman and D. S. Tan, 

ACS Chem. Biol., 2016, 11, 3061-3067. 

14. K. L. Tuck, S. A. Saldanha, L. M. Birch, A. G. Smith and C. 

Abell, Org. Biomol. Chem., 2006, 4, 3598-3610. 

15. A. Yildirim, U. Atmaca, A. Keskin, M. Topal, M. Celik, I. 

Gulcin and C. T. Supuran, Bioorg. Med. Chem., 2015, 23, 2598-

2605. 

16. A. Ammazzalorso, S. Carradori, A. Angeli, A. Akdemir, B. De 

Filippis, M. Fantacuzzi, L. Giampietro, C. Maccallini, R. Amoroso 

and C. T. Supuran, J. Enzyme. Inhib. Med. Chem., 2019, 34, 

1051-1061. 

17. T. Eley, T. Garimella, W. Li and R. J. Bertz, Clin. 

Pharmacokinet., 2015, 54, 1205-1222. 

18. R. M. Menon, A. R. Polepally, A. Khatri, W. M. Awni and S. 

Dutta, Clin. Pharmacokinet., 2017, 56, 1125-1137. 

19. M. Miao, X. Jing, E. De Clercq and G. Li, Drug. Des. Devel. 

Ther., 2020, 14, 2759-2774. 

20. R. Ahmed-Belkacem, M. Hausdorff, A. Delpal, P. Sutto-

Ortiz, A. M. G. Colmant, F. Touret, N. S. Ogando, E. J. Snijder, B. 

Canard, B. Coutard, J. J. Vasseur, E. Decroly and F. Debart, J. 

Med. Chem., 2022, 65, 6231–6249. 

21. E. Jung, R. Soto-Acosta, J. Xie, D. J. Wilson, C. D. Dreis, R. 

Majima, T. C. Edwards, R. J. Geraghty and L. Chen, ACS Med. 

Chem. Lett., 2022, DOI: 10.1021/acsmedchemlett.2c00265. 

22. C. F. Sturino and M. Labelle, Tetrahedron Lett., 1998, 39, 

5891-5894. 

23. M. T. Martin, F. Roschangar and J. F. Eaddy, Tetrahedron 

Lett., 2003, 44, 5461-5463. 

24. D. U. Singh, P. R. Singh and S. D. Samant, Tetrahedron Lett., 

2004, 45, 4805-4807. 

25. A. R. Katritzky, S. Hoffmann and K. Suzuki, Arkivoc, 2004, 

12, 14-22. 

26. C. R. Reddy, B. Mahipal and S. R. Yaragorla, Tetrahedron 

Lett., 2007, 48, 7528-7532. 

27. A. R. Massah, B. Asadi, M. Hoseinpour, A. Molseghi, R. J. 

Kalbasi and H. J. Naghash, Tetrahedron, 2009, 65, 7696-7705. 

28. S. Fu, X. Lian, T. Ma, W. Chen, M. Zheng and W. Zeng, 

Tetrahedron Lett., 2010, 51, 5834-5837. 

29. D. C. Johnson and T. S. Widlanski, Tetrahedron Lett., 2001, 

42, 3677-3679. 

30. S. Manabe, T. Sugioka and Y. Ito, Tetrahedron Lett., 2007, 

48, 787-789. 

31. G. Clavé, E. Dursun, J. J. Vasseur and M. Smietana, Org. 

Lett., 2020, 22, 1914-1918. 

32. G. Clavé, J. J. Vasseur and M. Smietana, Curr. Protoc. 

Nucleic Acid Chem., 2020, 83, e120. 

33. G. Sheng, K. Huang, Z. Chi, H. Ding, Y. Xing, P. Lu and Y. 

Wang, Org. Lett., 2014, 16, 5096-5099. 

34. M. J. Gattner, M. Ehrlich and M. Vrabel, Chem. Commun., 

2014, 50, 12568-12571. 

35. J. B. Epp and T. S. Widlanski, J. Org. Chem., 1999, 64, 293-

295. 

36. F. Peyrane, B. Selisko, E. Decroly, J. J. Vasseur, D. 

Benarroch, B. Canard and K. Alvarez, Nucleic Acids Res., 2007, 

35, e26. 

37. R. T. Borchardt, L. E. Eiden, B. Wu and C. O. Rutledge, 

Biochem. Biophys. Res. Commun., 1979, 89, 919-924. 

38. Y. Ma, L. Wu, N. Shaw, Y. Gao, J. Wang, Y. Sun, Z. Lou, L. 

Yan, R. Zhang and Z. Rao, Proc. Natl. Acad. Sci. U.S.A., 2015, 

112, 9436-9441. 

 

 

 


